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ABSTRACT 
 
CITY OF TYLER HUB-AND-SPOKE BICYCLE LANE NETWORK 
 
Pedro Afonso Zavagna 
 
Thesis Chair: Mena Souliman, Ph.D. 
 
The University of Texas at Tyler 
March 2018 
The purpose of this study is to showcase the up-to-date development of a Bicycle Lane 
Engineered Scoring System (BLESS) that will be utilized to map and identify the 
optimum feasible locations for bicycle lanes. The project was initiated for the City of 
Tyler, Texas where a Hub-and-Spoke bicycle lane will be designed around the city 
utilizing the BLESS. The design process is comprised of attentive planning, progressive 
development and a collective effort by the transportation engineering research team at the 
University of Texas at Tyler to design an exceptional bicycle lane network. The BLESS 
consisted of traffic analysis, lane configuration, presence or absence of vehicle parking, 
presence or absence of night street light, road grade, proximity and presence or absence 
of existing bicycle lanes. The scoring system was then utilized to design seven bicycle 
spokes, and seven bicycle spoke-connections, reaching a total distance of 41.7 miles of 
bicycle lanes. Nonetheless, the design team intends to finish the design map with eleven 
bicycle spokes, one centralized hub and 8 bicycle spoke-connections, reaching a total 
distance of 55 miles of bicycle lanes. The presence of bicycle lanes will extend 
throughout the entire city due to the introduction of new connections between different 
areas of the city. This development will increase user’s health and safety, while 
decreasing current traffic congestions. Results indicate that the BLESS is a simple way to 
compare and analyze roads for bicycle lanes development, since it selects the best road 
candidates, the bicycle users are going to feel more comfortable using bicycle lanes then 
riding in a vehicle lane. In order to increase the scoring system efficiency, the remaining 
progress accounts for the addition of new safety factors such as skid resistance of bicycle 
lane pavement surfaces.
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CHAPTER 1. INTRODUCTION 
1.1. Background 
Worldwide, traffic is becoming a serious issue for big cities that is now starting to affect 
mid-sized cities as well. Therefore, alternative modes of transportation are being 
developed in order to decrease and facilitate the traffic flow. Although a mode of 
transportation may be very effective for far distances, it may not actually be very 
effective for shorter distances. For instance, trains and busses have very rigid routes as 
well as low frequency. For this reason, bicycles are widely utilized to provide a direct, 
safe and reliable mode of transportation for short to medium distances within city limits. 
As most of the bicycle lanes currently designed in the United States are 
prevenient of a simple idea, re-striping of the road, the cost for it can be considered 
minimal compared to designing subways. Since it is only necessary to re-stripe the road 
on a yearly or bi-yearly basis, the addition of the bicycle lanes should not introduce a 
significant reserved yearly budget amount. Another important aspect is the fact that 
bicycle usage causes negligible damage to the pavement, decreasing the need for 
pavement maintenance, and consequently the costs for fixing damaged areas. 
Tyler, is located in east Texas, 100 miles east of Dallas and recently, it has 
experienced substantial development across the city with significant increase in traffic 
volumes. With a total proximate population of 104,000 habitants; it is also the regional 
hub of east Texas, serving a metro-study area (MSA) of over 190,000 habitants. 
According to the Texas Hometown Locator (1), during daytime Tyler receives over 
135,000 people because of the presence of three big hospitals, the University of Texas at 
Tyler (UT Tyler), Tyler Junior College (TJC), restaurants and malls. Furthermore, UT 
Tyler established a new Pharmacy school as well as expanded its Business administration 
program, with the prediction of increasing the total number of students from 9,989, to 
over 15,000 in the coming few years. For this reason, the traffic congestion is expected to 
become a more serious problem in several areas around the entire town. 
In order to decrease the traffic congestion, it is important to expand the 
transportation network, by providing to the population different transportation options. 
For this reason, it is important to include the introduction of bicycle lanes in the city 
future development plans. Based on the outcome of this research study and the developed 
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numerical scoring system, in 2017, the City of Tyler received a 1 million dollar grant 
from the Federal Highway Administration (FHWA) through the Texas Department of 
Transportation (TxDOT) Transportation Alternatives Set-Aside (TA Set-Aside) Program 
to implement the bicycle lanes developed by the engineering team at UT Tyler utilizing 
the BLESS. The construction is set to start by July 2019. 
This thesis outlines the procedure taken, data collected, and the engineering 
process behind producing an efficient bike network for the City of Tyler.  
 
1.2. Research Objectives 
The main objective of the study is to develop a numerical engineered scoring system for 
bicycle lanes mapping development. This methodology will potentially assist cities with 
implementing a safe and efficient bicycle lane network into their transportation systems. 
For Tyler, the methodology also connected different neighborhoods and commercial 
destinations of the city to its downtown area. The design process comprised of attentive 
planning, progressive development and a collective effort by the transportation 
engineering research team to design an exceptional bike lane network that will provide 
the community with an alternative mean of transportation, generating development 
around the city. Present bike networks were implemented into the design to increase 
accessibility, however, present bike routes suffered changes in order to increase the 
accessibility due to the diversity of users present in Tyler. 
 
1.3. Thesis Organization 
This thesis is composed of eleven chapters.  Chapter 1 presents the thesis introduction. 
Chapter 2 summarizes the literature review in which the term bicycle lane is defined, and 
several other studies related to bicycle lanes implementation and design were analyzed.  
Chapter 3 describes the development of the Bicycle Lane Engineered Scoring System 
(BLESS). Chapter 4 describes the road network data collection process. Chapter 5 
illustrates the implementation of the BLESS system to develop the bicycle lanes for the 
City of Tyler.  Chapter 6 includes the details of each spoke development, with detailed 
information about each option compared utilizing the BLESS.  Chapter 7 includes the 
details of each spoke connection development, with detailed information about each 
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option compared with the BLESS. Chapter 8 illustrates the Hub-and-Spoke Tyler bicycle 
lane map work progress, showing the current progress of the research. Chapter 9 
describes and illustrates typical sections that are found within the city limits, in order to 
set a design model to be used when implementing bicycle lanes. Chapter 10 indicates the 
future development areas, and potential future modifications for implementation in the 
BLESS. Finally, the implementation plan, summary, and conclusions for the research are 
given in Chapter 11. 
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CHAPTER 2.  LITERATURE REVIEW 
2.1 Bicycle Lanes Development Worldwide 
In 1967, City of Davis, California, had the first bicycle lane in the American history. 
Since then, bicycle lanes are being developed across the county (2). According to the 
American Association of State Highways Transportation Officials (AASHTO) Guide for 
the Development of Bicycle Facilities, the standards set for the width of the bicycle lane 
is a minimum of 4 feet, but it is recommended to use a width of 5 feet, from the face of a 
curb to the bicycle lane stripe. However, vehicle lane widths typically vary from 9 to 15 
feet, with the width usually being narrower on low volume roads. The perfect case for 
bicycle lane development would be on low volume roads (3).  
In Netherlands, 31.2% of the population listed bicycles as their main mode of 
transportation for daily activities. Amsterdam, the capital of Netherlands, is considered 
the most bicycle-friendly city in the world. This is due to 38% of the population, which 
consists of over 1.1 million habitants, using bicycles as their main mode of transportation. 
The standard width set by national guidelines is a minimum width of 4.1feet for on-road 
bicycle lanes. As estimated in 2006, Amsterdam has a total of over 250 miles of bicycle 
lanes, it is also estimated the presence of over 1 million bicycles in Amsterdam (4). 
Sao Paulo, the biggest city in Brazil, with a population of 12 million habitants, 
created a project in 2013 for the development of 250 miles of bicycle lanes and bicycle 
routes. The project reached 240 miles in April 2016 and the total estimated project cost is 
$20 million. The bicycle lanes were developed with a width of 4 to 5ft, raised pavements 
markers were utilized to mark the bicycle lanes, and the areas used for bicycle lanes were 
painted in red to create a visual aid for drivers to avoid vehicle drivers utilizing the 
bicycle lanes as a vehicle lane (5). 
With a population of 8.4 million habitants, New York City is one of the most 
populated cities in the world, and bicycle lanes or routes are something that the city 
always wanted to integrate into its culture. For this reason, the first bicycle route was 
implemented in 1894. Over 100 years later, New York City has a bicycle network of over 
400 miles, and it follows the bicycle lane standard width of at least 4 feet (6). 
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Another example of a bicycle city is Austin. The city has over 210 miles of 
bicycle lanes, and a population of over 885,000 habitants. The city adopts the AASHTO 
guidelines, with a minimum width for bicycle lanes of 4 feet (7).  
The State of California faced significant bicycle usage growth over the last few 
years, targeting to have 4.5% of the population bicycling in 2020. However, a few states 
are facing even better results. New York, Oregon and Massachusetts faced an increase 
higher than 80%, 70% and 40% in bicycling and walking respectively (8). 
 
Table 1. Comparing Cities 
 
Bicycle as Mode 
of 
Transportation 
Population Miles of 
Bicycle 
Lanes 
Minimum 
Bicycle 
Lane 
Width 
Miles/ 
100,000 
Habitants 
Austin, TX, 
United States 
0.96% 885,000 210 4ft 23.72 
Sao Paulo, Brazil 0.50% 12,000,000 250 4ft 2.08 
New York, NY, 
United States 
0.60% 8,400,000 400 4ft 4.77 
Amsterdam, 
Netherlands 
38% 1,100,000 250 4ft 22.73 
As shown in Table 1, in Brazil and United States, bicycle is not being used as a 
mode of transportation in the same way as vehicles are used, except on Amsterdam, 
where bicycle represents 38% of the mode of transportation. In addition, cities are 
following a trend of a minimum width of 4feet for the bicycle lanes. The ratio between 
miles of bicycle lanes to 100,000 habitants showed that Austin, TX, and Amsterdam, 
Netherlands, have a similar rate, with 23.72 and 22.73, while New York, NY, and Sao 
Paulo, Brazil, have a low rate of 4.77 and 2.08 respectively. 
 
2.2 Bicycle Lanes on the Bigger Scale 
On the bigger scale, there are some examples to be followed. In 1992, Canada started to 
develop a trail network that would connect every region of the country. This project has 
now reached 90% completion with over 13,329 miles of constructed trails (Figure 1). 
Over 80% of the country’s population lives closer than 30 minutes from the trail (9).  
In the United Kingdom, the National Cycle Network (NCN) is a series of paths, 
road bicycle lanes, and walking routes that connects every major town and city. The 
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network is only a half-mile away from 50% of the UK residential homes. The overall 
length of the network reached over 14,000 miles across UK (10). 
 
Figure 1. The Great Trail (9) 
 
Upon the successful UK experience with bicycle lanes, a continent-wide bicycle 
lane project is being developed in Europe named EuroVelo (Figure 2). EuroVelo consists 
of 15 long routes connecting 42 countries, and when it is fully completed by the year of 
2020, it will have over 43,495 miles of cycle routes (11).  
 
Figure 2. EuroVelo (11) 
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2.3 Economical Impacts 
A study of University of Toronto, showed that “North American urban cyclists today are 
a desirable demographic for local businesses, known to spend more money where they 
shop than their driving counterparts” (12). The research analyzed six independent studies 
to show that shoppers are more likely to use modes of transportation other than cars in 
urban North American. As shown in Figure 3, in blue is the percentage of customers who 
arrived by car, and in red is the percentage of customers who arrived by walking, cycling, 
or by public transportation. 
 
Figure 3. Urban Neighborhood Shopper Mode Share (12) 
 
The implementation of bicycle lanes will help in saving the environment by: 
lowering the volume of vehicles, and consequently lowering the sound pollution caused 
by the vehicles driving along the road and the pollution produced by the car engines. The 
most significant change will be the decrease in the greenhouse gas emission. One of the 
worst problems faced in this century is the production of greenhouse gas, since 87% of all 
human-produced carbon dioxide emissions come from the burning of fossil fuels like 
coal, natural gas, and oil. 23% of the total carbon dioxide emission from fossil fuel 
combustion are related to the transportation area, therefore, decreasing the amount of 
vehicles on the street will decrease the amount of fuel used (Figure 4). Consequently, 
there will be a decrease in the emission of greenhouse gases (13). 
 8 
 
Figure 4. Carbon Dioxide Emissions (13) 
 
One of the main factors of developing bicycle lanes is not to appease bikers, but 
rather to make bicycles useful for everyone, and that is one of the mentalities that should 
be implemented on every bicycle lane plan. Another important factor in the adoption of 
bicycle lanes, is that biking will change the vehicle transit into a better one, with less cars 
on the street. As seen on Figure 5, transit and bicycles are complementary modes and 
only their combined strengths can compete with motorized traffic (7).  
 
Figure 5. Chart of Combined Modes of Transportation (7) 
Services
3%
Residential
6%
Other
7%
Industry 
19%
Transport
23%
Electricity 
and Heat
42%
Carbon Dioxide Emissions
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 The addition of bicycle lanes and bicycle paths to connect different regions are 
proven to promote economically, environmentally and socially sustainable travels. This 
fact aids in supporting the national development and connecting different cultures across 
different regions. Since it is cheaper to ride a bicycle than to drive a motorized vehicle, 
developing bicycle lanes will connect different cultures, and promote the integration of 
people with different ages and incomes. In addition, bicycles are a great form of exercise 
for everyone. Promoting a healthier community will result in better citizens. It will also 
cause a significant impact to local and American economy as a whole. The number of 
bicyclers, bicycle sales and bicycle maintenance will increase, while the traffic on the 
roads will decrease, resulting in less cars on the street (11). 
 
2.4 Users Preference, Comfort of Riding, and Level of Service 
With the increase of bicycle users in America, Hood et. al., 2011, collected GPS data 
from bicycle users in San Francisco, and estimated a route choice model following 
different route preferences between users and the reason for the travel. The GPS data also 
indicated that cyclists prefer to ride on bicycle lanes than other facility types (14).  
Later, Nassir et al. proposed an algorithm that generates different possible routes 
between an origin and destination location, with the purpose of measuring the road 
accessibility level (15).  
Monsere et al. evaluated protected bicycle lanes in five American cities according 
to their use, benefits, perception, and impacts. Results demonstrated an estimated 
increase from 21% to 171% on ridership in a year from the protected lanes construction. 
Residents supported the development of protected bicycle lanes, with a 75% agreement 
for construction in other locations (16).  
Zhou and Ni evaluated the level of satisfaction that bicyclists face when riding 
their bicycles in Shanghai City, China. Collected survey data indicated that high vehicle 
traffic flow rate, on-street vehicle parking, roads without physical separation among 
bicycles and vehicles, and high bicycle traffic volume on bicycle lanes not being wider 
than 2 meters, have a negative impact on the satisfaction that is felt by the bicyclists 
while using the road (17). 
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More recently, due to the recent increase in the number of bicyclists in Spain, 
Torres et al. analyzed factors affecting bicyclists speed on two-lane rural roads. It was 
identified that the longitudinal gradient and the horizontal alignment are the two main 
factors to estimate the velocity (18). 
While in Victoria, Australia, different factors associated with the increase in 
severity of crashes with the presence of bicyclists were identified when analyzing the city 
crash report. Results showed that different factors such as velocity, road quality, age of 
cyclists, lighting condition, and safety equipment are important factors affecting fatal or 
serious injuries crash (19). 
Burke and Scoot developed and applied the Network Robustness Index (NRI) 
method to scan the Toronto road network for travel time costs. This method can be used 
to identify potential locations for the addition of separated bicycle lanes, but it still needs 
to be validated (20). 
In order to create the necessary width for the bicycle lanes development, a Road 
Diet or Lane Diet technique can be used. Road Diet is used in transportation to reduce the 
number of vehicles lanes or the lane width, in order to achieve systematic improvements. 
This process is used to develop the necessary width for the creation of the bicycle lanes 
(Figure 6). Road Diet benefits include crash reduction of 19% to 47%. It can also make 
the street more attractive to people with case studies indicating high increases in the non-
residential tax value of properties and liability improvement for all road users. Lane Diet, 
however (Figure 7), is a technique used in transportation to reduce the width of vehicle 
lanes in order to achieve systematic improvements. This process is used to develop the 
necessary width for the creation of the bicycle lanes without decreasing the number of 
vehicle lanes (21, 22, 23). 
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Figure 6. Road diet.  
 
 
Figure 7. Lane diet 
 12 
Since early 1990s, different methods had been developed to quantify the 
compatibility a roadway is in order to accommodate safe and efficient bicycle travel, this 
process is known as quality of service, or Bicycle Level of Service (Bicycle LOS). The 
Bicycle LOS evaluates the bicyclists’ perception of the road safety and comfort with 
respect to motorized vehicle traffic present at the road used by bicyclists, where the user 
comfort rating is separated between A through F, with A being the best, and F the worst. 
The factors used are curb lane width, bike lane widths, striping combinations, traffic 
volumes, pavement condition, motor vehicle speeds, on-street parking, and presence of 
heavy vehicles traffic (24,25). The issue faced this method is that it does not provide a 
correspondence between the Bicycle LOS and user tolerance, without providing a 
minimum requirement for the general population mainstream.  
Another method developed is the user oriented bicycling network, where the 
roadways level of traffic stress (LTS) are classified into four different user categories. 
Where LTS 1 is designed as a level that most children can tolerate; LTS 2 is for the 
mainstream adult population; LTS 3 is for cyclists who are confident but still prefer a 
dedicated space for riding; and LTS 4 is a level for only strong and fearless users. The 
criteria compares the street number of lanes per direction, bike lane width, speed limit, 
and bike lane blockage (26). 
However, there is still a need for a structured engineering methodology to select 
the best roads and routes for bicycle users, since the existing methods are still presenting 
flaws. For this reason, the transportation research team at The University of Texas at 
Tyler (UT Tyler) is developing a numerical scoring system for bicycle lane route 
selection named Bicycle Lane Engineered Scoring System (BLESS). Where roads can be 
objectively compared and analyzed in order to provide the best route option for the 
bicycle lane development. 
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CHAPTER 3. DEVELOPMENT OF BICYCLE LANE ENGINEERED SCORING 
SYSTEM (BLESS) 
In order to generate a scoring system to compare possible spokes, important literature 
was reviewed, and significant insights were noted. In 2008, a questionnaire survey 
indicated different barriers and factors affecting cycling. The environmental barriers for 
cycling included: 42% of the survey group addressed traffic as a barrier for cycling; 
30.5% too many hills; 20.5% no place to cycle; 29% no bicycle lanes or bicycle trails; 
12.5% indicated that the distances were too long; 16% complained about the road surface 
quality; and 12% complained about not having interesting places to which to cycle. The 
same survey also indicated that having the presence of bicycle lanes and or bicycle trails 
facilitated the access for both active, 74%, and inactive groups, 77% (27). 
 In 1993, Snelson et al. found out different reasons why people do not cycle, where 
most people said the main reason was because they did not own a bicycle, 17% said that 
they did not felt safe, and 16% said that the amount of vehicle traffic put them off (28). A 
similar study in Sydney reported that 36% of women did not cycle because of the lack of 
bicycle facilities, while 32% reported as the lack of on-road safety (29). 
In 2012, Tesche et al. found that roads with bicycle tracks had the lowest injury risk, with 
the next lowest rank being roads with shared lanes by vehicles and bicyclists but without 
the presence of parked cars. The study also indicated that quiet streets where the total 
volume of vehicles is lower, and no car parking on streets were associated with lower 
levels of injury risk (30). 
 Hull and O’Holleran highlighted coherence, directness, attractiveness, safety, and 
comfort as requirements for a proper cycle network design. The methodology was tested 
using a novice and an experienced cyclists perceptions to compare different cycling paths 
in different cities. The research concluded that the addition of factors such as wide cycle 
lanes, routes that are more direct, higher pavement quality, and high-quality lighting on 
darker cycle lanes, can encourage more cycling (31).  
 Combining those factors, the Bicycle Lane Engineered Scoring System (BLESS) 
was designed with factors consisting of: user safety, traffic analysis, road configuration, 
presence of vehicle parking, presence of artificial light, road grade, proximity and 
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presence of current bicycle lanes. Safety overview of the area was important to ensure 
that the route provided users with security when riding. For this reason, the BLESS was 
developed combining the following factors in order to choose the best option to develop 
bicycle lanes. 
 
3.1. Number of Lanes per Direction 
Number of lanes per direction is considered a factor in the BLESS. More points are given 
to roadways with higher number of vehicle lanes per direction. For example, a 2-lane per 
direction roadway will offer a better opportunity to have extra width to introduce bike 
lanes compared to a 1-lane per direction roadway. Consequently, the following are the 
assigned scoring points based on the number of lanes per direction:  
 3 or more vehicle lanes per direction: 3 points 
 2 vehicle lanes per direction: 1 point 
 1 vehicle lane per direction: -1 point 
 
3.2. Turning Lane 
Turning lane is considered one of the factors of the BLESS, since roads with the presence 
of a turning lane will suffer less from the action of the Road Diet action, as it provides the 
opportunity to remove the necessary width for the bicycle lane development. More points 
are given to roads with the presence of a turning lane. Then, the following are the 
assigned scoring points based on the presence or absence of a turning lane:  
 With turning lane: 2 points 
 Without turning lane: -2 points 
 
3.3. Average Lane Width 
Average lane width is considered one of the important factors affecting the selection of a 
bicycle spoke. More points are given to wider lanes compared to narrow ones. Wider 
lanes introduce a better chance to extract at least 4 feet from each side for a potential 
bicycle lane without affecting the road level of service. Therefore, the following are the 
assigned scoring points based on the lane width in feet:  
 Lane width of more than 14 feet: 3 points 
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 Lane width ranging from 13 to 14 feet: 1 point 
 Lane width ranging from 12 to 13 feet: -1 point 
 Lane width less than 12 feet: -3 points 
 
3.4. Parking 
The presence or absence of parking spaces is another factor that affects the selection of a 
bicycle spoke. More points are given to roads with the presence of parking spaces on both 
sides, while roads without parking spaces receive negative points. The presence of 
parking spaces introduces the chance to remove parking spaces in order to implement 
bicycle lanes. Hence, the following are the assigned scoring points based on the presence 
or not of parking spaces:  
 Parking allowed on both sides: 2 points 
 Parking allowed on one side: 0 point 
 Parking not allowed: -2 points 
 
3.5. Traffic Volume 
Traffic volume is considered one of the most important safety factors of the BLESS 
affecting the selection of a bicycle spoke. The traffic analysis consisted of field 
measurement of traffic at intersections where riders would have to cross. Readings were 
taken at three key one-hour time intervals when traffic is most active (7:00 a.m., 12:00 
p.m., and 4:30 p.m.). The average vehicle traffic per hour (AVG) was calculated between 
all the spokes and more points were given to roads with lower volume of vehicles 
compared to fewer points to roads with higher volume of vehicles. Lower traffic volume 
affects the safety of the road, being safer for bicyclists to ride their bicycles on roads with 
lower traffic.  
 After all traffic counts were collected, it was then separated by total number of 
cars entering the intersection and total number of cars using the spoke direction. The 
average of cars using the spoke direction was then calculated (Table 2). This value was 
set as the average number of vehicles using the spoke options per hour. Furthermore, 
traffic flow was separated between each option, in order to better separate the volume of 
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traffic among each option. Therefore, the following are the assigned scoring points based 
on the traffic volume:  
 Average traffic volume -300 vehicles per hour: 3 points 
 Average traffic volume -200 vehicles per hour: 2 points 
 Average traffic volume -100 vehicles per hour: 1 point 
 Average traffic volume is the same: 0 point 
 Average traffic volume +100 vehicles per hour: -1 point 
 Average traffic volume +200 vehicles per hour: -2 points 
 Average traffic volume +300 vehicles per hour: -3 points 
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Table 2. Total Traffic Volume  
Location 
Total Traffic Volume 
Time Total Traffic Count Spoke Direction 
Spoke 1 
Option A 
Morning 2403 355 
Noon 2211 274 
Night 2484 270 
Option B 
Morning 3104 970 
Noon 3674 1622 
Night 4125 1618 
Spoke 2 
Option A 
Morning 761 232 
Noon 691 153 
Night 1028 312 
Option B 
Morning 973 124 
Noon 877 153 
Night 1422 312 
Spoke 3 
Option A 
Morning 129 129 
Noon 94 94 
Night 151 151 
Option B 
Morning 985 426 
Noon 1199 542 
Night 1279 457 
Option B 
Morning 1453 894 
Noon 1238 679 
Night 1203 662 
Spoke 4 
Option A 
Morning 455 395 
Noon 405 363 
Night 453 401 
Option B 
Morning 385 263 
Noon 294 196 
Night 316 221 
Spoke 5 
Option A 
Morning 248 
191 
Option B 57 
Option A 
Noon 224 
161 
Option B 63 
Option A 
Night 326 
252 
Option B 74 
Option A 
Morning 132 
124 
Option B 8 
Option A 
Noon 128 
118 
Option B 10 
Option A 
Night 134 
123 
Option B 11 
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Table 2. Total Traffic Volume (cont.) 
Location 
Total Traffic Volume 
Time Total Traffic Count Spoke Direction 
Spoke 7 
Option A 
Morning 166 114 
Noon 292 216 
Night 206 130 
Option B 
Morning 1298 1298 
Noon 1235 1235 
Night 1293 1293 
Spoke 9 
Option A 
Morning 791 620 
Noon 584 447 
Night 733 556 
Option B 
Morning 159 159 
Noon 144 144 
Night 155 155 
 
In Table 3, it is possible to see the individual volume of vehicles per hour for each 
option. 
Table 3. Average Traffic Volume per Option 
Location Option Total Vehicles 
Spoke 1 
A 299 
B 1403 
Spoke 2 
A 232 
B 196 
Spoke 3 
A 124 
B 610 
Spoke 4 
A 387 
B 227 
Spoke 5 
A 161 
B 37 
Spoke 7 
A 153 
B 1275 
Spoke 9 
A 541 
B 153 
Average 414 
 
3.6. Maximum Road Grade 
Maximum road grade is considered one factor that affects the selection of a bicycle 
spoke. More points are given to roads with low grades compared to roads with high 
grades. This factor affects bikers directly, and was added to provide the smoothest option 
possible, avoiding high grades with long durations into the bicycle lane design. The grade 
was measured using the website http://veloroutes.org/bikemaps that uses elevations data 
 19 
from the United States Geological Survey (USGS), with more points being given to the 
road with lower maximum grade:  
 Maximum grade is less than 2%: 3 points 
 Maximum grade is between 2-4%: 2 points 
 Maximum grade is between 4-6%: 1 point 
 Maximum grade is between 6-8%%: 0 point 
 Maximum grade is between 8-10%: -1 point 
 Maximum grade is between 10-12%: -2 points 
 Maximum grade is higher than 12%: -3 points 
 
3.7. Street Lighting 
Street lighting is another safety factor of the BLESS since it directly affects night-time 
bicyclists, illuminating any obstacle that might appear on the road. Roads with higher 
artificial lighting will receive more points, while roads without lighting will receive fewer 
points. Consequently, the following are the assigned scoring points based on the street 
lighting:  
 Street lighting is perfect: 3 points 
 Street lighting is good, but there are dark spots: 1 point 
 Street lighting is not good, mostly dark: -1 point 
 Without street lighting: -3 points 
 
3.8. Distance Difference 
Distance difference between two analyzed options is considered a factor that affects the 
selection of a bicycle spoke. More points are given to shorter options compared to longer 
options. Routes that are more direct will have shorter distances, saving bikers time and 
energy. Therefore, the following are the assigned scoring points based on the distance 
different:  
 Option with the shortest distance: 3 points 
 Losing option is 0.1 to 0.2 miles longer: 2 points 
 Losing option is 0.2 to 0.3 miles longer: 1 point 
 Losing option is 0.3 to 0.4 miles longer: 0 point 
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 Losing option is 0.4 to 0.5 miles longer: -1 point 
 Losing option is 0.5 to 0.6 miles longer: -2 points 
 Losing option is at least 0.6 miles longer: -3 points 
 
3.9. Presence of bicycle lanes 
The last factor of the BLESS is the presence or absence of bicycle lanes in the analyzed 
options. This factor was added to the table in order to add extra points to the option that 
has bicycle lanes already present on the analyzed segment, taking into consideration the 
fact that drivers and bicyclists are already accustomed to the presence of bicycle lanes on 
that road. Hence, the following are the assigned scoring points based on the presence of 
bicycle lanes:  
 Presence of Bicycle Lanes: 2 points 
 Without Bicycle Lanes: 0 point 
 
3.10. Engineered Scoring System 
Combining all the factors discussed above, the BLESS is presented in Table 4. 
Table 4. Bicycle Lane Engineered Scoring System (BLESS) Sheet 
Factor 
Points 
Score 
3 2 1 0 -1 -2 -3 
Lanes 
per 
Direction 
3 or 
more 
lanes 
 2 lanes  1 lane    
Passing 
Lane 
 Yes    No   
Avg. Lane 
Width 
> 14ft  
14ft to 
13ft 
 13ft to 
12ft 
 < 12ft  
Parking  
Both 
Sides 
 One 
Side 
 None   
Traffic 
Volume 
AVG-
300 
AVG-
200 
AVG-
100 
Average 
(AVG) 
AVG+ 
100 
AVG+ 
200 
AVG+ 
300 
 
Max 
Grade 
0% to 
2% 
2% to 
4% 
4% to 
6% 
6% to 
8% 
8% to 
10% 
10% to 
12% 
> 12%  
Streets 
Lighting 
Perfect  Good  
Dark 
Spots 
 Without  
Distance 
Difference 
Shortest 
Distance 
>0.1 
Miles 
Longer 
>0.2 
Miles 
Longer 
>0.3 
Miles 
Longer 
>0.4 
Miles 
Longer 
>0.5 
Miles 
Longer 
>0.6 
Miles 
Longer 
 
Presence 
of Bicycle 
Lanes 
 Yes  No     
Total Result  
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CHAPTER 4.  DATA COLLECTION 
The selection of potential bicycle spokes required extensive data collection and analysis 
of the City of Tyler. In order to analyze potential routes for the city of Tyler, an extensive 
analysis of the city map was required, the map provided a new design perspective. Two 
of the main streets of Tyler, Loop 323 and Broadway Ave, were removed from any 
generated bicycle network since it would affect significantly the vehicle level of service, 
and it would be a high-risk location for cyclists.  
The bike network requires downtown (hub) accessibility. Generating criteria to 
compare possible spokes was determined after extensive literature analysis. The criteria 
consisted of user safety, traffic analysis, road configuration, grade, presence of bicycle 
lanes, and proximity. Various other factors were involved in the analysis of potential 
spokes and a safety overview of the area was important to ensure that the route provides 
users with security when riding. Field visits were implemented into the project design, 
with the following data being collected: 
 Lane width 
 Number of lanes 
 Presence of parking 
 Presence of bicycle lanes 
 Street lighting 
 Grade 
 Traffic data 
 
4.1. Number of Vehicle Lanes 
When collecting field data, the first thing that was analyzed is the number of vehicles 
lanes, since it is very important to ensure that the addition of bicycle lanes will not 
interfere the vehicular traffic. For this reason, the higher the number of vehicle lanes, the 
easiest it is to implement a bicycle lane, since instead of removing 4 feet from a single 
vehicle lane, it is possible to remove 2 feet from two vehicle lanes. The total number of 
vehicle lanes was measured by visual inspection as shown in Figure 8. 
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Figure 8. Number of vehicle lanes 
 
4.2. Vehicle Lane Width 
Vehicle lane width was collected to ensure the addition of a bicycle lane would not 
interfere with the current road width necessary to accommodate vehicles, allowing for the 
possibility of a road diet or lane diet implementation. As shown in Table 5, AASHTO 
provides guidance for vehicle lane design, providing a minimum width necessary for 
different types of roads (32). The vehicle lane width was measured with a measuring tape 
(Figure 9). 
 
Table 5. Ranges for Vehicle Lane Width (31)  
Type of Roadway Rural (ft) Urban (ft) 
Freeway 12 12 
Ramps 12-30 12-30 
Arterial 11-12 10-12 
Collector 10-12 10-12 
Local 9-12 9-12 
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Figure 9. Vehicle lane width 
 
4.3. Presence of Parking 
Parking space is defined as a road location designated for vehicle parking. The space is 
delineated by surface markings on the pavement, it can be parallel, perpendicular or 
angled parking. In North America, the parking spaces range from 7.5 to 9 feet for angled 
or perpendicular parking. Depending on the location, parking is very important, but in 
certain locations, parking is not necessary, and for this reason it can be removed. The 
presence or not of parking was carried over by visual inspection (Figure 10). 
Figure 10. Road parking 
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4.4. Presence of bicycle lanes 
The presence of bicycle lanes is noticed by a visual inspection, followed by 
measurements of the bicycle lane width, since it is important to ensure that the width is 
within the AASHTO guidelines limits for bicycle facilities, in which a minimum width of 
4 feet was recommended (Figure 11) (3). 
Figure 11. Bicycle Lanes 
 
4.5. Street Lighting 
Street lighting is a very important safety factor for the addition of bicycle lanes, since it 
helps the cyclist during nighttime, illuminating obstacles present on the road, but also 
helps the vehicle driver in the identification of the presence of cyclists within the street 
(Figure 12). The collection of street lighting data was made with visual inspection during 
day and night time, in order to see if the road has light poles and to see if the light bulbs 
are working. During nighttime it is easier to notice dark spots in the street caused by bad 
artificial light, however, in some cases the problem is just caused by a not working bulb. 
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Figure 12. Street Lighting Presence 
 
4.6. Grade 
Collection grade data was possible utilizing veloroutes.org website, that utilizes the 
elevations data from the United States Geological Survey (USGS). The data was 
collected point by point with distances of approximately 0.1mile. Locations where there 
was a presence of a hill required extra data points, for this reason in higher grades 
locations the distance between point to point was proximate to 0.05miles. Decreasing the 
distance from point to point removed the chances of getting errors, since the grade is 
calculated as the percentage of increase in altitude over the increase in distance (Figure 
13).  
Figure 13. Road grade 
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4.7. Traffic Analysis 
Collecting traffic data required the usage of a Micro Tally machine (Figure 14) to 
measure the number of vehicles crossing a certain intersection, the time that it crossed the 
intersection, the direction that the vehicle was coming from, and the direction that the 
vehicle was heading to. Traffic volume counts were performed at three different key 
times, at 7am, 12pm, and 4pm, since those times are representing the higher volume of 
vehicles that are present in the intersection, since 7 am represents workers and students 
heading to their jobs and schools, while 12pm represents lunch time, and 4pm represents 
people heading home. Traffic count was performed in at least two different locations for 
every spoke. The data was then compared according to the volume of vehicles utilizing 
the spoke option direction. 
 
Figure 14. Vehicle traffic count using the Micro Tally machine 
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CHAPTER 5. IMPLEMENTATION STUDY: CITY OF TYLER HUB-AND-
SPOKE BICYCLE LANE NETWORK 
The City of Tyler is located on East Texas, and in central Smith County. It is the largest 
city in the Smith County both in land area and in population. Tyler is also the region’s 
major economic, financial, medical, educational, and cultural hub. Tyler is also known as 
the “Rose Capital of America” due to its long history of rose production, and for this 
reason it is the home of the largest rose garden in the United States. Tyler also attracts 
tourists by the thousands every year due to the annual Rose Festival.  
 More recently, the City of Tyler, has experienced substantial development across 
the city with significant increase in traffic volumes. With a total population over 104,000 
habitants, and receiving extra 35,000 people during the daytime, Tyler’s traffic 
congestion is expected to increase in several areas around the entire city. With this 
growth in population, the number of bicyclists also increased, and it has given the 
incentive to the city to implement a much friendlier environment towards bicyclists. In 
order to continue the city push for bicycle development, in 2009, the city adopted a 
regional trail plan, and since then has invested over $3,000,000 in hike and bicycle trail 
extensions alone. The city intends to keep implementing bicycle lanes into the 
transportation system to provide the community with an efficient mode of transportation.  
 For this reason the University of Texas at Tyler research team has been given the 
opportunity to study methodologies which will generate an efficient bicycle network; this 
report outlines the procedure taken, data collected, and the engineering process behind 
producing an efficient bicycle network for the City of Tyler. The City of Tyler 
experienced a circular development around its main roads and for that reason, the best 
model for bicycle lane mapping was the hub and spoke design. The design mirrors the 
structure of a bicycle wheel, where the spokes of the wheel are the bicycles lanes 
extending radially outwards from the center hub, being downtown Tyler.  
Since 2015, the transportation research team has been working on developing the 
scoring system and developing the spokes and spoke connections necessary to design a 
complete map. After two years, a total of 11 spokes, 1 centralized hub, and 8 spoke 
connections were developed for the City of Tyler utilizing the BLESS.  
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CHAPTER 6. SPOKES DEVELOPMENT 
6.1. Spoke 1 
The University of Texas at Tyler, also referred to as UT Tyler, is located on the 
southeastern limits of Tyler, the university has a student body of 10,000 students and 
offers 42 undergraduate bachelor’s degrees, 33 graduate master’s degrees, and 3 Doctoral 
degrees. Because of this high concentration of students and professionals working or 
involved with UT Tyler, there was a need to connect it with other important branches of 
the city. Because of the closer presence of Tyler Junior College (TJC), a junior college 
with more than 11,000 students, it was more than necessary to create a spoke connecting 
both centers.  
With this possibility, two options were developed, Option A – McDonald Rd and 
Option B – Old Omen Rd (Figure 15). The starting point for both options were at Old 
Omen and Old Bascom Rd, and finishing point were at the intersection between 
Donnybrook Ave and Lake St; Old Omen was selected as the starting point for Spoke 1 
because of its good geography localization, the good possibilities for the continuity of the 
spoke, and the presence of a bike lane. 
 
Figure 15. Spoke 1 
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6.1.1. Option A –McDonald Rd.  
The starting point of Spoke 1 – Option A –McDonald Rd. is at Old Omen & Old Bascom 
Rd. and the spoke total distance is 6.1 miles. This option is composed of six different 
roads, Old Omen, McDonald Rd., Golden Rd., E. Devine Rd., Baxter Ave, and Lake St. 
as shown in Figure 16.  
 
 Figure 16. Option A – McDonald Rd. 
 
The profile view for the Option A – McDonald Rd. can be seen on Figure 17. 
 
Figure 17. Option A – McDonald Rd. Elevation 
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6.1.1.1. Old Omen Rd. 
Old Omen (Figure 18) until University Blvd. is a 1.5 mile part of Old Omen where there 
is a bike lane. The pavement of this segment of Old Omen Rd. is excellent, parking is 
prohibited on any time, there is a good presence of light poles. The road has one bike lane 
per direction with width of 5ft, two vehicle lanes per direction with widths of 13ft and 
11.5ft, separated by a raised median with crossing islands, for a total width of 59ft. No 
changes should be made on this part of the spoke. 
  
Figure 18. Old Omen 
 
6.1.1.2. Old Omen Rd. after University Blvd. 
Old Omen (Figure 19) until Varsity Dr. is a 0.6 mile part of Old Omen where there is a 
Bike Lane, the pavement of this segment of Old Omen Rd. is excellent, parking is 
prohibited on any time, there is a presence of light poles. The road has a bike lane per 
direction with widths of 4ft, one vehicle lane per direction with width of 11.5ft, a turning 
lane on the middle with width of 12.5ft, adding to a total width of 43.5ft. No changes 
should be made on this part of the spoke. 
 
Figure 19. Old Omen after University Blvd. 
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6.1.1.3. Old Omen after Lexington Dr. until Lexington Rd. 
Old Omen (Figure 20) until Lexington Dr. is a 400ft part of Old Omen where cars cannot 
park on the road, is a residential area, with the presence of light poles providing a 
sufficient illumination, the pavement quality is excellent. The road has one vehicle lane 
per direction with width of 19.5ft on the north direction and 20.5ft on the south direction, 
and total width of 40ft. 
The provided solution for this part of the spoke would be to implement a bike lane 
with 5ft width per direction, and one vehicle lane with width of 15ft per direction. 
 
Figure 20. Old Omen after Lexington Dr. until Lexington Rd. 
 
6.1.1.4. Old Omen after Lexington Rd. until McDonald Rd. 
After Lexington Rd., Old Omen (Figure 21) changes, and gets wider, for a distance of 0.1 
mile until it reaches McDonald Rd., the road has two vehicle lanes per direction with 
widths of 12.7ft, 12ft, 12.5ft, 11ft, and a total width of 48 ft. It is a residential area, with 
parking prohibited on any time, presence of light poles, and the pavement quality is 
excellent.  
The provided solution for this part of the spoke would be to restripe the road with 
a bike lane with 6ft width per direction, one vehicle lane with width of 12ft per direction 
and a turning lane with width of 12ft. 
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Figure 21. Old Omen after Lexington Rd. until McDonald Rd 
 
6.1.1.5. McDonald Rd. 
McDonald Rd. (Figure 22) starts after turning left from Old Omen, this part of the spoke 
has a length of 1.2 miles, Road has one vehicle lane per direction with width of 18ft, a 
total width of 36ft. Because it is a residential area, parking is allowed on both sides, there 
is a presence of light poles, and the pavement quality is good. It is important to notice 
that this road has the presence of a Bike Route, but not many signs are used to inform its 
presence. 
The provided solution for this part of the spoke would be to remove parking on 
both sides of the road, implement a bike lane of 5ft width on both directions, and one 
vehicle lane per direction with 13ft width. 
 
Figure 22. McDonald Rd. 
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6.1.1.6. Golden Rd. with Bike Lanes   
Golden Rd. (Figure 23) starts after turning right from McDonald Rd., this part of the 
spoke has a length of 0.7 miles. The road has one vehicle lane per direction with width of 
14ft on both sides, and there is a designed bike lane with 4.5ft width per direction, this 
width changes constantly because of a bad striping, the road has a total width of 37ft. It is 
a residential area located by the Golden Road Park, along the road parking is prohibited 
on any time, the presence of light poles is good, and the pavement quality is good. 
The provided solution for this part of the spoke would be to stripe the road with a 
specific width for the bike lanes of 6ft per direction, and one vehicle lane per direction 
with width of 12.5ft. 
 
Figure 23. Golden Road with Bike Lanes 
 
6.1.1.7. Golden Rd. 
After 0.3 miles the bike lane ends, and it becomes a bike route (Figure 24), because of 
that, the road changes its configuration into a one vehicle lane with width of 17.5ft going 
north and 18.5ft width going south, for a total of 36ft. It is a residential area, parking is 
prohibited on any time, the presence of light poles is good, the pavement quality gets 
better comparing with the quality from the past part of Golden Rd. but it still has some 
areas where the pavement suffered soil erosion and grass is growing closer to the curb. It 
is noticed the presence of a bike route after the bike lane reached an end, this bike route is 
signalized.  
The provided solution for this part of the spoke would be to restripe the road, 
creating a bike lane per direction with 5ft width, and one vehicle lane per direction with 
width of 13ft. 
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Figure 24. Golden Road 
 
6.1.1.8. Golden Rd. after 5th Street 
Continuing on Golden Rd. (Figure 25) after the intersection with 5th Street, Golden Rd. 
becomes a school zone, with a length of 0.3 miles, the road has one vehicle lane per 
direction with width of 26ft, a total width of 52ft. Because it is a residential area and a 
school zone, parking is allowed on both sides, there is a presence of light poles, and the 
pavement quality is good. It is important to notice that this road has the presence of a bike 
route. 
The provided solution for this part of the spoke would be to maintain the 8ft wide 
parking on both sides of the road, implement a bike lane of 6ft width on both directions, 
and one vehicle lane per direction with 12ft width.  
 
Figure 25. Golden Road after 5th Street 
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6.1.1.9. E Devine St. 
E Devine St. (Figure 26) starts after turning left on Golden Rd. and it is divided into three 
segments because of the road width. The first segment is just 0.1mile long, where parking 
is allowed on both directions, it is a school zone and residential area, lights are present 
and the lane width is 17.5ft on both directions, adding to a total width of 35ft. The 
provided solution for this part of the spoke would be to remove parking on both 
directions, implement a bike lane of 5ft width on both directions, and one vehicle lane per 
direction with 12.5ft width.  
The second segment of E Devine St. is the subsequent block, and it is 0.6 mile 
long, with the presence of lights, parking is prohibited on any time. The road has one 
vehicle lane per direction with widths of 12ft and 16ft, adding to a total of 28ft. The 
provided solution for this segment of the spoke would be to create a 4ft wide bicycle 
lane, and one 10ft wide vehicle lane per direction.  
 
Figure 26. E Devine St. 
 
6.1.1.10. Baxter Ave 
Baxter Ave (Figure 27) starts after a left turn, with a length of only 0.1 miles, the road 
has one vehicle lane per direction with width of 18ft, for a total width of 36ft. Parking is 
allowed on both sides, there is a presence of light poles, and the pavement quality is 
good. The provided solution for this part of the spoke would be to implement a bike lane 
of 4ft width on both directions, allow parking in only one side of the road, 
accommodating 7ft for the parking space, and one vehicle lane per direction with width 
of 10.5ft. 
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Figure 27. Baxter Ave 
 
6.1.1.11. Lake St. 
Turning right the spoke now reaches Lake St. (Figure 28) with this segment of the road 
being 0.2 miles long. The road has one vehicle lane per direction with width of 18ft, a 
total width of 36ft. Parking is only marked in one of the sides of the road, but cars are 
usually parked on both sides, there is a presence of light poles, and the pavement quality 
is good.  
The provided solution for this part of the spoke would be to implement a bike lane 
of 4ft width on both directions, allow parking in only one side of the road, 
accommodating 7ft for the parking space, and one vehicle lane per direction with width 
of 10.5ft. 
 
Figure 28. Lake St. 
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6.1.1.12. Lake St. Continuation 
Continuing on Lake St. (Figure 29), the road changes its configuration and gets wider, 
with this segment of the road being 0.3 miles long. The road has one vehicle lane per 
direction with width of 13ft, one passing lane with width of 14ft, for a total width of 40ft. 
Parking is not allowed, there is a presence of light poles, and the pavement quality is 
good.  
The provided solution for this part of the spoke would be to implement a bike lane 
of 5ft on both directions, one passing lane with width of 10ft, and one vehicle lane per 
direction with width of 10ft. 
 
Figure 29. Lake St. 
 
6.1.1.13. Lake St. After Rail Road 
The final section of the option is also on Lake St. (Figure 30), with this segment of the 
road being 0.3 miles long. The road has one vehicle lane per direction with width of 14ft, 
for a total width of 28ft. Parking is allowed on both sides, there is a presence of light 
poles, and the pavement quality is good.  
The provided solution for this part of the spoke would be to remove parking on 
both sides, in order to create the necessary width to allow one bike lane of 4ft on both 
directions, and one vehicle lane per direction with width of 10ft. 
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Figure 30. Lake St. 
 
6.1.1.14. Data Analysis 
Analyzing the collected data, the route was evaluated and some important facts were 
noticed about it: The worst segment of the spoke is located on McDonald Rd., with the 
road presenting only one vehicle lane per direction, with the average width being 18ft, 
and without the presence of a turning/passing lane; parking is allowed on both sides of 
this segment; the average total cars utilizing the spoke was 299 vehicles per hour, being 
below the total average that was calculated to be 414 vehicles per hour; the maximum 
grade found was 8%; lights were present in every segment of the route, creating a good 
illumination during the night time; and there is a presence of bicycle lanes located on 
Golden Road (Table 6). 
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Table 6. Bike Lane Mapping Engineered Scoring System Option A 
Factor 
Points 
Score 
3 2 1 0 -1 -2 -3 
Lanes 
per 
Direction 
3 or 
more 
lanes 
 2 lanes  1 lane   -1 
Passing 
Lane 
 Yes    No  -2 
Avg. Lane 
Width 
> 14ft  
14ft to 
13ft 
 13ft to 
12ft 
 < 12ft 3 
Parking  
Both 
Sides 
 One 
Side 
 None  2 
Traffic 
Volume 
AVG-
300 
AVG-
200 
AVG-
100 
Average 
(AVG) 
AVG+ 
100 
AVG+ 
200 
AVG+ 
300 
2 
Max 
Grade 
0% to 
2% 
2% to 
4% 
4% to 
6% 
6% to 
8% 
8% to 
10% 
10% to 
12% 
> 12% -1 
Streets 
Lighting 
Perfect  Good  Gapped  Without 1 
Distance 
Difference 
Shortest 
Distance 
>0.1 
Miles 
Longer 
>0.2 
Miles 
Longer 
>0.3 
Miles 
Longer 
>0.4 
Miles 
Longer 
>0.5 
Miles 
Longer 
>0.6 
Miles 
Longer 
0 
Presence 
of Bicycle 
Lanes 
 Yes  No    2 
Total Result 6 
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6.1.2. Option B – Old Omen Rd. 
The starting point of Spoke 1 – Option B – Old Omen Rd. is at Old Omen & Old Bascom 
Rd. and the spoke total distance is 5.8 miles. This option is composed of six different 
roads, Old Omen, 5th Street, Golden Rd., E Devine St., Baxter Ave, and Lake St. as 
shown on the Figure 31. 
Figure 31. Option B – Old Omen Rd. 
 
The profile view for the Option B –Old Omen Rd. can be seen at Figure 32. 
 
Figure 32. Option B –Old Omen Rd. Elevation 
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6.1.2.1. Old Omen Rd. 
Old Omen (Figure 33) until University Blvd. is a 1.5 mile part of Old Omen where there 
is a bike lane, the pavement of this segment of Old Omen Rd. is excellent, parking is 
prohibited at any time, there is a presence of light poles, the road has one bike lane per 
direction with width of 5ft, two vehicle lanes per direction with widths of 13ft and 11.5ft, 
separated by an raised median with crossing islands, for a total width of 59ft. No changes 
should be made on this part of the spoke. 
 
Figure 33. Old Omen 
 
6.1.2.2. Old Omen Rd. after University Blvd. 
Old Omen (Figure 34) until Varsity Dr. is a 0.6 mile part of Old Omen where there is a 
bike lane, the pavement of this segment of Old Omen Rd. is excellent, parking is 
prohibited at any time, there is a presence of light poles. The road has a bike lane per 
direction with widths of 4ft, one vehicle lane per direction with width of 11.5ft, a turning 
lane in the middle with width of 12.5ft, adding to a total width of 43.5ft. No changes 
should be made on this part of the spoke. 
 
Figure 34. Old Omen after University Blvd. 
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6.1.2.3. Old Omen after Lexington Dr. until Lexington Rd. 
Old Omen (Figure 35) until Lexington Dr. is a 400ft part of Old Omen where cars cannot 
park on the road, is a residential area, with the presence of light poles providing a 
sufficient illumination, the pavement quality is excellent. The road has one vehicle lane 
per direction with width of 19.5ft in the north direction and 20.5ft in the south direction, 
and total width of 40ft. 
The provided solution for this part of the spoke would be to implement a bike lane 
with 5ft width per direction, and one vehicle lane with width of 15ft per direction. 
 
Figure 35. Old Omen after Lexington Dr. until Lexington Rd. 
 
6.1.2.4. Old Omen Rd. 
After Lexington Rd., Old Omen (Figure 36) changes, and gets wider, for a distance of 0.9 
miles until it reaches 5th Street, the road has two vehicle lanes per direction with widths 
of 12.7ft, 12ft, 12.5ft, 11ft, and a total width of 48 ft. It is a residential area, with parking 
prohibited at any time, presence of light poles, and the pavement quality is excellent. 
The provided solution for this part of the spoke would be to restripe the road with 
a bike lane with 6ft width per direction, one vehicle lane with width of 12ft per direction 
and a turning lane with width of 12ft. 
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Figure 36. Old Omen 
 
6.1.2.5. 5th Street before Loop 
5th Street (Figure 37) starts after turning left from Old Omen Rd., this part of the spoke 
has a length of 0.3 miles, the road has two vehicle lanes per direction with widths of 
12.5ft, 11.5ft, 11.5ft, 12ft, and a turning lane on the middle with width of 14ft, adding to 
a total width of 62ft. This part of 5th Street is a business area, parking is prohibited at any 
time, there is a high presence of light poles, and the pavement quality is excellent. 
The provided solution for this part of the spoke would be to implement a bike lane 
with 6ft width per direction, and two vehicle lanes per direction with width of 12.5ft per 
direction. 
 
Figure 37. 5th Street 
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6.1.2.6. 5th Street until Golden Rd. 
Continuing after the intersection with the Loop 323, this segment of 5th Street (Figure 38) 
has a length of 0.4 miles. The road has two vehicle lanes per direction with widths of 
13ft, 12ft, 12ft, 13ft, a turning lane with width of 14ft, adding to a total width of 64ft. 
This part of 5th Street is a business area, parking is prohibited a any time, there is a high 
presence of light poles, and the pavement quality is good. 
The provided solution for this part of the spoke would be to implement a bike lane 
with 6ft width per direction, and two vehicle lanes per direction with width of 10.4ft per 
direction, and 10.4ft wide turning lane. 
 
Figure 38. 5th Street 
 
6.1.2.7. Golden Rd. after 5th Street 
Continuing on Golden Rd. (Figure 39) after the intersection with 5th Street, Golden Rd. 
becomes a school zone, with a length of 0.3 miles, the road has one vehicle lane per 
direction with width of 26ft, a total width of 52ft. Because it is a residential area and a 
school zone, parking is allowed on both sides, there is a presence of light poles, and the 
pavement quality is good. It is important to notice that this road has the presence of a bike 
route. 
The provided solution for this part of the spoke would be to maintain the 8ft wide 
parking on both sides of the road, implement a bike lane of 6ft width on both directions, 
and one vehicle lane per direction with 12ft width.  
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Figure 39. Golden Road after 5th Street 
 
6.1.2.8. E Devine St. 
E Devine St. (Figure 40) starts after turning left on Golden Rd. and it is divided into three 
segments because of the road width. The first segment is just 0.1mile long, where parking 
is allowed on both directions, it is a school zone and residential area, lights are present, 
and the lane width is 17.5ft on both directions, adding to a total width of 35ft. The 
provided solution for this part of the spoke would be to remove parking on both 
directions, implement a bike lane of 5ft width on both directions, and one vehicle lane per 
direction with 12.5ft width.  
The second segment of E Devine St. is the subsequent block, and it is 0.6 mile 
long, with the presence of lights, parking is prohibited at any time. The road has one 
vehicle lane per direction with widths of 12ft and 16ft, adding to a total of 28ft. The 
provided solution for this segment of the spoke would be to create a 4ft wide bicycle 
lane, and one 10ft wide vehicle lane per direction.  
 
Figure 40. E Devine St. 
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6.1.2.9. Baxter Ave 
Baxter Ave (Figure 41) starts after a left turn, with a length of only 0.1 miles, the road 
has one vehicle lane per direction with width of 18ft, for a total width of 36ft. Parking is 
allowed on both sides, there is a presence of light poles, and the pavement quality is 
good. The provided solution for this part of the spoke would be to implement a bike lane 
of 4ft width on both directions, allow parking in only one side of the road, 
accommodating 7ft for the parking space, and one vehicle lane per direction with width 
of 10.5ft. 
 
Figure 41. Baxter Ave 
 
6.1.2.10. Lake St. 
Turning right the spoke now reaches Lake St. (Figure 42) with this segment of the road 
being 0.2 miles long. The road has one vehicle lane per direction with width of 18ft, a 
total width of 36ft. Parking is only marked in one of the sides of the road, but cars are 
usually parked on both sides, there is a presence of light poles, and the pavement quality 
is good.  
The provided solution for this part of the spoke would be to implement a bike lane 
of 4ft width on both directions, allow a 7ft wide parking in only one side of the road, and 
one vehicle lane per direction with width of 10.5ft. 
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Figure 42. Lake St. 
 
6.1.2.11. Lake St. Continuation 
Continuing on Lake St. (Figure 43), the road changes its configuration and gets wider, 
with this segment of the road being 0.3 miles long. The road has one vehicle lane per 
direction with width of 13ft, one passing lane with width of 14ft, for a total width of 40ft. 
Parking is not allowed, there is a presence of light poles, and the pavement quality is 
good. The provided solution for this part of the spoke would be to implement a bike lane 
of 5ft on both directions, one passing lane with width of 10ft, and one vehicle lane per 
direction with width of 10ft. 
 
Figure 43. Lake St. 
 
6.1.2.12. Lake St. After Rail Road 
The final section of this option is also on Lake St. (Figure 44), with this segment of the 
road being 0.3 miles long. The road has one vehicle lane per direction with width of 14ft, 
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for a total width of 28ft. Parking is allowed on both sides, there is a presence of light 
poles, and the pavement quality is good. The provided solution for this part of the spoke 
would be to remove parking on both sides, in order to create the necessary width to allow 
one bike lane of 4ft on both directions, and one vehicle lane per direction with width of 
10ft. 
 
Figure 44. Lake St. 
 
6.1.2.13. Data Analysis 
Analyzing the collected data, the route was evaluated and some important facts were 
noticed about it: The worst segment of the spoke is located on Old Omen Rd., with the 
road presenting two vehicles lanes per direction, with the average width being 12ft, and 
without the presence of a turning/passing lane; parking is not allowed on both sides of 
this segment; the average total cars utilizing the spoke was 1403 vehicles per hour, being 
higher than the total average that was calculated to be 414 vehicles per hour; the 
maximum grade found was 3%; lights were present in every segment of the route, 
creating a good illumination during the night time; and there is not a presence of bicycle 
lanes located on any segment of the Option B (Table 7). 
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Table 7. Bike Lane Mapping Engineered Scoring System Option B 
Factor 
Points 
Score 
3 2 1 0 -1 -2 -3 
Lanes 
per 
Direction 
3 or 
more 
lanes 
 2 lanes  1 lane   1 
Passing 
Lane 
 Yes    No  -2 
Avg. Lane 
Width 
> 14ft  
14ft to 
13ft 
 13ft to 
12ft 
 < 12ft -1 
Parking  
Both 
Sides 
 One 
Side 
 None  -2 
Traffic 
Volume 
AVG-
300 
AVG-
200 
AVG-
100 
Average 
(AVG) 
AVG+ 
100 
AVG+ 
200 
AVG+ 
300 
-3 
Max 
Grade 
0% to 
2% 
2% to 
4% 
4% to 
6% 
6% to 
8% 
8% to 
10% 
10% to 
12% 
> 12% 2 
Streets 
Lighting 
Perfect  Good  Gapped  Without 1 
Distance 
Difference 
Shortest 
Distance 
>0.1 
Miles 
Longer 
>0.2 
Miles 
Longer 
>0.3 
Miles 
Longer 
>0.4 
Miles 
Longer 
>0.5 
Miles 
Longer 
>0.6 
Miles 
Longer 
3 
Presence 
of Bicycle 
Lanes 
 Yes  No    0 
Total Result -1 
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6.1.3. Spoke Option Selection 
After reviewing data collected in the field, and using the data from the Table 8.  
 
Table 8. BLESS Comparison for Spoke 1 
Spoke 1  
Option A Option B 
Lanes per Direction -1 1 
Passing Lane -2 -2 
Average Lane Width 3 -1 
Parking 2 -2 
Traffic Volume 2 -3 
Max Grade -1 2 
Streets Lighting 1 1 
Distance Difference 0 3 
Presence of Bicycle Lanes 2 0 
Total Points 6 -1 
 
It was determined that Option A –McDonald Rd. would serve as a much more 
appealing option opposed to Option B – Old Omen Rd. Option A was selected over 
Option B utilizing the scoring system as created under chapter 4, where Option A 
received 6 points, and Option B received -1 point, a total difference of 7 points. The 
difference came mainly from the traffic volume, the presence of parking that can be 
removed in order to create more width for the lane diet. Option A is 0.3 miles longer than 
Option B, but it is important to notice that it is crucial to maintain the LOS of the roads, 
and Option A is the one that would maintain it in a better way than the opposing option. 
Finally, Option A will provide access to Golden Road Park, to Moore MST Magnet 
School, and will connect the University of Tyler at Texas with Tyler Junior College. 
Option A was also selected due to the presence of bicycle lanes on the region, absorbing 
the familiarity of the surrounding community with the presence of bicyclists on the road. 
  
 51 
6.2. Spoke 2 
With the development of the Hub-and-Spoke network, it was necessary to develop a 
spoke connecting the Northwest side of the city of Tyler. Northwest side of the city, 
presents important points of interest such as John Tyler High School, Boulter Middle 
School, Fun Forest Park, Oakwood Cemetery and Goodman Park. To provide a good 
connectivity between the points of interest, the design team choose an ideal route (Garden 
Valley Rd. and Oakwood St.) observing that it provides a safety route for users and it is a 
direct route to downtown hub. With this possibility, it was developed two options, Option 
A – Garden Valley Road and Oakwood Street and Option B – Garden Valley Road and 
Selman Street. as shown in Figure 45. 
 
Figure 45. General view of Spoke 2 
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6.2.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 9 data, it was determined 
that Option A – Garden Valley Road and Oakwood Street would serve as a much more 
appealing option compared to Option B – Garden Valley Road and Selman Street.  
           Option A was selected over Option B utilizing the scoring system as shown in 
Table 9, where Option A received 4 points, and Option B received 2 points, a total 
difference of 2 points. The difference mainly came from the average lane width, that was 
higher in Option A, the gapped presence of street lighting in Option B, and the distance 
difference was 0.1 miles, adding another 2 points to the table. 
 It is important to notice that it is crucial to maintain the LOS of the roads, and 
Option A is the one that would maintain it in a better way than the opposing option, 
because it has enough width to pass by the road diet and still guarantee enough space for 
vehicles, on the opposing, Option B does not have enough width to perform the road diet, 
forcing it to be used as a shared lane instead of a specific lane for bicycles.  
 
Table 9. BLESS Comparison for Spoke 2 
Spoke 2  
Option A Option B 
Lanes per Direction -1 -1 
Passing Lane -2 -2 
Average Lane Width 3 1 
Parking -2 2 
Traffic Volume 2 2 
Max Grade 2 2 
Streets Lighting 1 -1 
Distance Difference 3 2 
Presence of Bicycle Lanes 0 0 
Total Points 6 5 
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6.3. Spoke 3 
With the recent development of the south side of the City of Tyler, it was necessary to 
incorporate it into the Bike Lane Project, creating connections from south to north and 
south to west and east. Paluxy Dr. was selected as the starting point of the spoke because 
has the necessary road width to implement a road diet in order to develop a bike lane 
without modifying the Level of Service (LOS) of the road, it was also selected because it 
creates a straight route into the city map. 
 In order to project the best option for Spoke 3, a study was made to develop the 
bests roads to be used to create the bike lane, for that reason, two options were created 
and analyzed. Because of the presence of the UPS Store, McDonald’s, Walmart, Pollard 
Park, Woods Elementary School, Rose Hill Cemetery, Brookshire’s of Tyler, and Texas 
Spine & Joint Hospital, it was necessary to design the spoke allowing it to cross 
significantly close to those important connections.  
 
Figure 46. General view of Spoke 3 
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6.3.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 10 data, it was determined 
that Option A – Donnybrook Ave would serve as a more appealing option as opposed to 
Option B – Highland Ave.  
Option A was selected over Option B utilizing the scoring system as shown in Table 
10, where Option A received 1 point, and Option B received -2 points, a total difference of 
3 points. The difference came from different points, where Option A has a newer road, 
with constant street lights, a constant and leveled grade, and the total distance difference 
between both options is 0.6 miles, in the opposite, Option B had lower traffic, and a higher 
grade when compared to Option A.   
 
Table 10. BLESS Comparison for Spoke 3 
Spoke 3  
Option A Option B 
Lanes per Direction -1 -1 
Passing Lane 2 -2 
Average Lane Width -3 3 
Parking -2 -2 
Traffic Volume -2 2 
Max Grade 3 2 
Streets Lighting 1 -1 
Distance Difference 3 -3 
Presence of Bicycle Lanes 0 0 
Total Points 1 -2 
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6.4. Spoke 4 
Continuing the development of bicycle lanes on the Northern side of Tyler, it was 
necessary to create connections from west to north and west to south. For this reason, this 
location was selected, because it has an important role as connecting those three 
important areas.  
This spoke was also developed to connect important economical and tourist areas 
such as the Tyler Rose Garden, Tyler Civic Theatre, Tyler Parks and Recreation, East 
Texas State Fair Association, CHRISTUS Trinity Mother Frances Rose Stadium, Mike 
Carter Field, and other industries present in the area. 
It is important to notice that, Spoke 4-9 was created to connect Spoke 4 and Spoke 
9, giving west Tyler connections with south and north area. It is possible to notice in 
Figure 47 that two options were developed for Spoke 4. 
 
Figure 47. General view of Spoke 4 
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6.4.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 11 data, it was determined 
that Option A – Shaw Street would serve as a more appealing option compared to 
Option B – Bellwood Rd. Option B was selected over Option A utilizing the scoring 
system as shown in Table 11, where Option A received 6 points, and Option B received 5 
points, a total difference of only 1 point. The difference came from the presence of 
parking that can be removed from Option A. 
 
Table 11. BLESS Comparison for Spoke 4 
Spoke 4  
Option A Option B 
Lanes per Direction -1 -1 
Passing Lane -2 -2 
Average Lane Width 3 3 
Parking 2 -2 
Traffic Volume 1 2 
Max Grade 1 1 
Streets Lighting 1 1 
Distance Difference 1 3 
Presence of Bicycle Lanes 0 0 
Total Points 6 5 
 
.  
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6.5. Spoke 5 
One of the main roads in the city of Tyler is Broadway Ave, but because it cannot be 
used on the project, it was necessary to develop a bike lane that follows the same 
direction of Broadway Ave. With that idea in mind, Spoke 5 was developed, starting on 
Heritage Dr., and finishing on the intersection between Donnybrook Ave and Stanford St. 
where the spoke reaches Spoke 3 in its way to downtown. 
In order to project the best option for Spoke 5, a study was made to develop the 
bests roads to be used to create the bike lane, for that reason, two options were created 
and analyzed, Option A Quail Creek Dr. utilizes street roads, and Option B Creekside 
Trail utilizes the park trails present on Rose Rudman Park and Southside Park. Spoke 5 is 
also important because it brings connectivity to an area in development, with the presence 
of the mall, Brookshire’s, Walmart, many restaurants, and Robert E Lee High School. 
Figure 40 illustrates the total distance of the Spoke, and shows the two options that the 
design team developed in order to choose the best option for the city of Tyler. 
 
Figure 48. General view of Spoke 5 
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6.5.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 12 data, it was determined 
that Option B – Karen Dr. would serve as a more appealing option as opposed to Option 
A – Cambridge Rd. Option B was selected over Option A utilizing the scoring system as 
shown in Table 12, where Option A received -7 points, and Option B received 11 points, 
a total difference of 18 points. The difference came from different points, where Option B 
is shorter by 0.5 miles, has great road width, parking can be removed in all streets in 
order to increase the used width of the road, and the traffic volume on Option B was also 
smaller.  
 
Table 12. BLESS Comparison for Spoke 5 
Spoke 5  
Option A Option B 
Lanes per Direction -1 -1 
Passing Lane -2 -2 
Average Lane Width -3 3 
Parking -2 2 
Traffic Volume 2 3 
Max Grade 1 2 
Streets Lighting 1 1 
Distance Difference -2 3 
Presence of Bicycle Lanes 0 0 
Total Points -6 11 
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6.6. Spoke 7 
Because of the construction of new houses located between Old Jacksonville Hwy and 
Broadway Ave, it was important to create a spoke that would provide a good connection 
for its population to connect it with every part of the city. Dueling Oaks was selected as 
the starting point of the spoke because it provides a good range of access for bicyclists to 
use this spoke, and the final road of the spoke is Fair Ln, where the spoke will reach 
Spoke Connector 5-7-9. 
 The two options compared are located in a crucial point of the spoke, where the 
spoke crosses the Loop 323. Both of the options will represent a direct route to important 
areas of the city, with the spoke passing closely to FRESH by Brookshire’s, Hollytree 
Country Club, the Broadway Square Mall, Times Square Cinema, and many restaurants 
located on Old Bullard Rd. and on the Loop 323. It is important to notice that the Spoke 
Connection 5-7-9 was created to connect Spoke 7 with Spokes 5 and 9, giving Southwest 
Tyler connections with every area of the city. Figure 49 shows the general map for the 
Spoke 7. 
 
Figure 49. General view of Spoke 7 
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6.6.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 13 data, it was determined 
that Option A – Richmond Rd. would serve as a more appealing option as opposed to 
Option B – Old Bullard Rd. Option A was selected over Option B utilizing the scoring 
system as shown in Table 13, where Option A received 5 points and Option B received 0 
points, a total difference of 5 points. The difference came from different points, where 
Option A is shorter by 0.2 miles, has greater road width, and the traffic volume on Option 
A was also smaller.  
 
Table 13. BLESS Comparison for Spoke 7 
Spoke 7  
Option A Option B 
Lanes per Direction -1 1 
Passing Lane -2 2 
Average Lane Width 3 1 
Parking -2 -2 
Traffic Volume 2 -3 
Max Grade 2 2 
Streets Lighting 1 1 
Distance Difference 3 1 
Presence of Bicycle Lanes 0 0 
Total Points 6 3 
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6.7. Spoke 9 
With the idea to develop the West side of Tyler, Spoke 9 was developed, starting on Earl 
Campbell Pkwy, and finishing on the intersection between Chilton Ave and Houston St. 
where the spoke reaches the downtown hub. In order to project the best option for Spoke 
9, a study was made to develop the bests roads to be utilized to create the bike lane, for 
that reason, two options were created and analyzed, Option A - Earl Campbell Pkwy. is a 
direct connection, utilizing the present bike lanes located on Earl Campbell Pkwy, while 
Option B - Robertson Rd. gives more connectivity to the area with a higher distance, by 
passing behind the Tyler Junior College West Campus.  
Figure 50 illustrates the total distance of the Spoke, and shows the two options 
that the design team developed in order to choose the best option for the city of Tyler. 
 
Figure 50. General view of Spoke 9 
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6.7.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 14 data, it was determined 
that Option A – Earl Campbell Pkwy would serve as a more appealing option as opposed 
to Option B – Robertson Rd. Option A was selected over Option B utilizing the scoring 
system as shown in Table 14, where Option A received 5 points, and Option B received -
6 points, a total difference of 11 points. The difference came from different points, where 
Option A is shorter by 1.0 miles, has the presence of bicycle lanes, and the road width fits 
better for the need for the addition of bicycle lanes.  
 
Table 14. BLESS Comparison for Spoke 9 
Spoke 9  
Option A Option B 
Lanes per Direction 1 -1 
Passing Lane -2 -2 
Average Lane Width 1 -1 
Parking -2 -2 
Traffic Volume -2 2 
Max Grade 1 2 
Streets Lighting 3 -1 
Distance Difference 3 -3 
Presence of Bicycle Lanes 2 0 
Total Points 5 -6 
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CHAPTER 7.  SPOKE-CONNECTIONS DEVELOPMENT 
7.1. Spoke Connection 1-3 
After the development of Spoke 1 and Spoke 3, it was necessary to create a connection 
between both spokes, for this reason, Spoke 1-3 was created to connect Paluxy Dr. with 
the east side of the city, more precisely, with the University of Texas at Tyler (UT Tyler) 
and Tyler Junior College (TJC). The total length of the spoke is just 0.9 mile, because it 
is only a connection between two spokes.  
 
Figure 51. General view of Spoke Connection 1-3 
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7.1.1. Spoke Option Selection 
The data collected confirmed that this connection between Spoke 1 and Spoke 3 is 
possible as shown in Table 15. The total points received by the Spoke Connection was 
one, a number that can be considered low, but it is important to notice that the points lost 
were only deducted from factors that are used to help in the decision between two 
options, a thing that doesn’t occur on this case. With the development of this spoke, it 
will provide a good connection between TJC and UTT to the south side of the city of 
Tyler, and it will also connect it around a commercial area, allowing bicyclists to shop at 
Walmart, McDonalds, Subway or other stores on the region. 
 
Table 15. BLESS Comparison for Spoke Connection 1-3 
Spoke 1-3  
Option A 
Lanes per Direction -1 
Passing Lane -2 
Average Lane Width 3 
Parking -2 
Max Grade 0 
Streets Lighting 1 
Presence of Bicycle Lanes 2 
Total Points 1 
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7.2. Spoke Connection 3-5 
After the development of Spoke 3 and Spoke 5, it was necessary to create a connection 
between both spokes, for this reason, Spoke 3-5 was created to connect Paluxy Dr. with 
the west side of the city, more precisely, with the Broadway Square Mall, the Village At 
Cumberland Park, and the parks that are present on Spoke 5. 
Spoke Connection 3-5 was developed utilizing the idea of a spoke connection 
between Spoke 3, Spoke 5, and Spoke 7 with just one road, and for this option the present 
sidewalks were used to develop bike lanes. The total length of the spoke is 1.4 miles, and 
only E. Grande Blvd. was used to provide this spoke connection, as shown in Figure 52.  
 
Figure 52. General view of Spoke Connection 3-5 
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7.2.1. Spoke Option Selection 
The data collected confirmed that this connection between Spoke 3 and Spoke 5 is 
possible as shown in Table 16. The total points received by the Spoke Connection was 3.  
With the development of this spoke, it will provide a good connection between 
one of the busiest areas in the city, Broadway Ave, and Paluxy Dr., or central area to the 
east area of the city, and with the development of more spokes, the connection between 
the southwest to southeast area of the city.  
 
Table 16.  BLESS Comparison for Spoke Connection 3-5 
Spoke 3-5  
Option A 
Lanes per Direction 1 
Passing Lane -2 
Average Lane Width 3 
Parking -2 
Max Grade 1 
Streets Lighting -1 
Distance Difference 3 
Presence of Bicycle Lanes 0 
Total Points 3 
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7.3. Spoke Connection 5-7 
After the development of Spoke 5 and Spoke 7, it was necessary to create a connection 
between both spokes, for this reason, Spoke 5-7 was created to connect the west side of 
the city, with the Broadway Square Mall, the Village At Cumberland Park, the parks that 
are present on Spoke 5, and the east side of the city with the spoke connections 1-3 and 3-
5. Only one option was developed for this spoke, because it has bike lanes on the 
sidewalk.  
Option A – Grande Blvd was developed utilizing the idea of a spoke connection 
between Spoke 3, Spoke 5, and Spoke 7 with just one road, and for this option the present 
sidewalks were utilized to develop bike lanes. The total length of the spoke is 0.9 miles, 
when providing a connection with the north direction of Spoke 5, and 0.8 miles when 
providing a connection with the south direction of Spoke 5. Only E. Grande Blvd. was 
used to provide this spoke connection, as shown in Figure 53. 
 
Figure 53. General view of Spoke Connection 5-7  
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7.3.1. Spoke Option Selection 
The data collected confirmed that this connection between Spoke 3 and Spoke 5 is 
possible as shown in Table 17. The total points received by the Spoke Connection Option 
A was 7 points, mainly caused by the presence of bicycle lanes in the sidewalk, and for 
the fact of the presence of a constant grade and perfect artificial light on the spoke. 
With the development of this spoke, it will provide a good connection between 
one of the busiest areas in the city, Broadway Ave, and Paluxy Dr., or central area to the 
east area of the city, and with the development of more spokes, the connection between 
the southwest to southeast area of the city.  
 
Table 17. BLESS Comparison for Spoke Connection 3-5 
Spoke 3-5  
Option A 
Lanes per Direction 1 
Passing Lane -2 
Average Lane Width 3 
Parking -2 
Max Grade 2 
Streets Lighting 3 
Presence of Bicycle Lanes 2 
Total Points 7 
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7.4. Spoke Connection 7-9 
After the development of Spoke 7 and Spoke 9, it was necessary to create a connection 
between both spokes, for this reason, Spoke 7-9 was created to connect the west side of 
the city, with the south west side of the city, but it will also create a connection with 
spokes 3 and 5, completing a connection between 4 different spokes. Only one option 
was developed for this spoke, because it utilizes developed bike lanes from the City of 
Tyler. 
Option A – Sunnybrook Dr. was developed utilizing the idea of a spoke 
connection between Spoke 7 and Spoke 9 with just one road. The total length of the 
spoke is 1.3 miles, and two roads present on this spoke connection are Amherst St. and 
Sunnybrook Dr., as shown in Figure 54. 
 
Figure 54. General view of Spoke Connection 7-9 
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7.4.1. Spoke Option Selection 
The data collected confirmed that this connection between Spoke 3, Spoke 5 and Spoke 9 
is possible. The total points received by the Spoke Connection Option A was 3 points, as 
shown in Table 18, and the reason for those points are the presence of bicycle lanes in 
most of the option.   
The development of this spoke will provide a good connection between the east 
and west side of Tyler, connecting four different spokes in a length of 1.3 miles only. 
 
Table 18. BLESS Comparison for Spoke Connection 7-9 
Spoke 7-9  
Option A 
Lanes per Direction -1 
Passing Lane -2 
Average Lane Width 3 
Parking -2 
Max Grade 2 
Streets Lighting 1 
Presence of Bicycle Lanes 2 
Total Points 3 
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7.5. Spoke Connection 1-12 
Creating a connection between Spokes 1 and 12 will develop even more the east side of 
Tyler, since it will provide a faster connection in the East side of the City. The starting 
point of Spoke Connection 1-12 – Option A – Palmer Ave is at the intersection between 
Palmer Ave and the E. Devine St., and the spoke total distance is 0.9 miles. This option is 
composed of only one segment, as shown in Figure 55. 
 
Figure 55. General view of Spoke Connection 1-12 
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7.5.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 19 data, it was determined 
that this connection between Spoke 1 and Spoke 12 is possible. The total points received 
by the Spoke Connection was four, and the analyzed road has the necessary conditions to 
accommodate bicycle lanes. With this connection now, it is possible to connect the entire 
East, Southeast and South are of the City of Tyler 
 
Table 19. BLESS Comparison for Spoke Connection 1-12 
Spoke 1-12  
Option A 
Lanes per Direction -1 
Passing Lane -2 
Average Lane Width 3 
Parking 2 
Max Grade 1 
Streets Lighting 1 
Presence of Bicycle Lanes 0 
Total Points 4 
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7.6. Spoke Connection 2-4 
The development of Spoke Connection 2-4 is due to the necessity to create a faster 
connection between Spoke 2 and Spoke 4. The starting point of Spoke Connection 2-4 – 
Option A – Lyons Ave is at the intersection between Forest Ave and the Garden Valley, 
and the spoke connection total length is 1.4 miles. This option is composed of three 
different segments, as shown in Figure 56. 
 
Figure 56. General view of Spoke Connection 2-4 
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7.6.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 20 data, it was determined 
that this connection between Spoke 2 and Spoke 4 is possible. The total points received by 
the Spoke Connection was negative one, even with such a low number, spoke connections 
are possible since the traffic is low, and that there is enough width to develop a bicycle 
lane. This Spoke will allow the development of a fast connection between the northwest 
and west side of the City of Tyler.  
 
Table 20. BLESS Comparison for Spoke Connection 2-4 
Spoke 2-4  
Option A 
Lanes per Direction -1 
Passing Lane -2 
Average Lane Width 3 
Parking -2 
Max Grade 0 
Streets Lighting 1 
Presence of Bicycle Lanes 0 
Total Points -1 
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7.7. Spoke Connection 4-9 
With the recent development of the south side of the City of Tyler, it was necessary to 
incorporate it into the Bike Lane Project, creating connections between Spoke 4 and 
Spoke 9, allowing a faster connection to the West side of the City of Tyler. Figure 57 
illustrates the total distance of the Spoke, and shows the option that the design team 
developed in order to choose the best option for the city of Tyler. 
The starting point of Spoke Connection 4-9 – Option A – Bennett Ave is at the 
intersection between Bennett Ave and Earl Campbell Pkwy, and the spoke connection 
total distance is 1.5 miles. This option is composed of three different segments, as shown 
in Figure 57. 
 
Figure 57. General view of Spoke Connection 4-9 
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7.7.1. Spoke Option Selection 
After reviewing data collected in the field, and utilizing Table 21 data, it was determined 
that this connection between Spoke 4 and Spoke 9 is possible. The total points received by 
the Spoke Connection was four. This Spoke will allow the development of a fast connection 
between TJC West Campus and the West side of the City of Tyler. 
 
Table 21. BLESS Comparison for Spoke Connection 4-9 
Spoke 4-9  
Option A 
Lanes per Direction -1 
Passing Lane -2 
Average Lane Width 3 
Parking 2 
Max Grade 1 
Streets Lighting 1 
Presence of Bicycle Lanes 0 
Total Points 4 
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CHAPTER 8. HUB-AND-SPOKE TYLER BICYCLE LANE MAP WORK 
PROGRESS 
After all the data was gathered for each spoke, two different routes were created and 
compared, with the winning option being selected as the best route option for the 
bicyclists, Table 22. It is possible to notice that all the spokes had different road 
configurations, and for this reason, the total points for each spoke were different. This 
indicates that different types of road configurations can be modified to accommodate 
bicycle lanes, with wider roads being a good candidate to receive a lane diet, or narrow 
roads with multiple lanes being a good candidate to receive a road diet. User safety is 
also important, for this reason the traffic analysis is vital, in order to give more points for 
roads with a lower vehicle traffic volume.  
 
Table 22. BLESS Point Analysis Comparison between all Spokes 
Spoke 
 Spoke 
1 
Spoke 
2 
Spoke 
3 
Spoke 
4 
Spoke 
5 
Spoke 
7 
Spoke 
9 
Lanes per 
Direction 
-1 -1 -1 -1 -1 -1 1 
Passing Lane -2 -2 2 -2 -2 -2 -2 
Average Lane 
Width 
3 3 -3 3 3 3 1 
Parking 2 -2 -2 -2 2 -2 -2 
Traffic Volume 2 2 -2 2 3 2 -2 
Max Grade -1 2 3 1 2 2 1 
Streets Lighting 1 1 1 1 1 1 3 
Distance 
Difference 
-3 1 3 2 3 2 3 
Presence of 
Bicycle Lanes 
2 0 0 0 0 0 2 
Total Points 6 6 1 6 11 6 5 
 
 For the development of Spoke Connections, the BLESS suffered a few changes, 
with the removal of traffic volume and distance difference. Those changes occurred since 
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for spoke connections only one option was considered, accounting for the fact that in 
only a few points it is viable to do a connection between different spokes. With the 
removal of the two factors, the points associated to each spoke connection decreased 
compared to the points associated to the main spokes, Table 23.  
 
Table 23. BLESS Point Analysis Comparison between all Spoke Connections 
Spoke Connection 
 1-3 3-5 5-7 3-5-7-9 1-12 2-4 4-9 
Lanes per 
Direction 
-1 1 1 -1 -1 -1 -1 
Passing Lane -2 -2 -2 -2 -2 -2 -2 
Average Lane 
Width 
3 3 3 3 3 3 3 
Parking -2 -2 -2 -2 2 -2 2 
Max Grade 0 1 2 2 1 0 1 
Streets 
Lighting 
1 -1 3 1 1 1 1 
Presence of 
Bicycle Lanes 
2 0 2 2 0 0 0 
Total Points 0 1 1 2 3 -2 3 
The Hub-and-Spoke Bike Lane map reached the full development of seven 
bicycle spokes and seven bicycle spoke connections that are connecting the city of Tyler. 
Table 24. Bicycle Lane Total Distance 
Spoke Distance (miles) 
Spoke 1 6.1 
Spoke 2 2.6 
Spoke 3 6.2 
Spoke 4 3.6 
Spoke 5 5.0 
Spoke 7 6.2 
Spoke 9 3.7 
Spoke Connection 1-3 0.9 
Spoke Connection 3-5 1.4 
Spoke Connection 5-7 0.9 
Spoke Connection 7-9 1.3 
Spoke Connection 1-12 0.9 
Spoke Connection 2-4 1.4 
Spoke Connection 4-9 1.5 
Total 41.7 
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With the current progress, the south area of the city is now fully developed, and 
the North area is under development. Total distance of 41.7 miles of bicycle lanes, as 
shown in Table 24, are fully developed. 
Figure 58 illustrates the up-to-date Hub-and-Spoke Tyler bicycle lane map, and it 
is possible to see the location of each spoke, indicated by the number placed at the 
beginning of each spoke. 
 
Figure 58. Hub-and-Spoke Tyler Bicycle Lane Map 
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CHAPTER 9. HUB-AND-SPOKE TYLER BICYCLE LANE TYPICAL 
SECTIONS 
After collecting field data, roads were divided into five different categories, this 
separation occurred by separating roads according to the total road width, as shown in 
Table 25. Color green represents the bicycle trails located in the two parks in the southern 
part of the city. Color purple was assigned to roads with a total width of 28 to 31 feet, 
roads under this situation will accommodate a 4 feet wide bicycle lane, having such a 
short road width is not ideal, but on this case there are no better road options where a 
bicycle lane could be developed. Color blue represents roads with a total width of 32 to 
36 feet, in this case, four to five feet wide bicycle lanes can be included into the road 
design without affecting the vehicle lanes significantly. Color gray represents roads with 
a total width of 37 to 47 feet, where a five feet wide bicycle lane can be added to the road 
design without affecting the vehicle lanes. Finally, color orange was assigned for roads 
with a total road width higher than 48 feet, where the road is wide enough to 
accommodate a five feet wide bicycle lane. Road typical sections are exemplified in 
Table 26.   
 
Table 25. Road Typical Sections 
Typical 
Section 
Map Color 
Pavement Width 
(ft.) 
Proposed Vehicle 
Width (ft.) 
Bicycle Width 
(ft.) 
1 
 
8 0* 4 
2 
 
28 to 31 10 to 11.5 4 
3 
 
32 to 36 11 to 13 5 
4 
 
37 to 47 ** 5 
5 
 
48+ ** 5 
*No vehicle lanes since it is a bicycle trail. 
** Depends on the number of vehicle lanes or presence of turning lane. 
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Table 26. Road Typical Sections Example 
Typical 
Section 
Map 
Color 
Roadway Name Spoke 
Pavement 
Width (ft.) 
Proposed 
Vehicle Width 
(ft.) 
Bicycle 
Width 
(ft.) 
1 
 
Creekside Trail 5 8 0* 4 
2 
 
E. Devine Rd. 1 28 10 4 
3 
 
Golden Rd 1 36 13 5 
4 
 
Oakwood 2 40 15 5 
5 
 
Garden Valley 2 48 12 5 
*No vehicle lanes since it is a bicycle trail. 
 
9.1. Typical Section 1: Creekside Trail 
Creekside Trail and Rose Rudman Loop Trail are part of Spoke 5, and are bicycle lanes 
located inside two parks located at the south part of Tyler. The trails length varies along 
the chosen path, but the path used for Spoke 5 is 2 miles. The trail is made of concrete, 
and it presents a great quality, with access to playgrounds, drinking fountains, benches, 
and great views along the trail. The trail is 8ft wide, and is separated by a yellow line in 
the middle as shown in Figure 59. 
 
Figure 59. Creekside Trail 
 
 In this specific case, the existing bicycle lane would not suffer any modifications, 
as shown in Figure 60, but it would be interesting for future modifications to increase the 
width of the trail to 12 ft., separating the bicyclists from walkers. This would increase the 
safety for both users, and it would also create a smoother ride/walk.  
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Figure 60. Typical Section 1 
 
9.2. Typical Section 2: E. Devine Rd. 
E. Devine St. (Figure 61) is part of Spoke 1 and it is located behind the TJC East 
Campus, has one vehicle lane per direction, adding to a total road width of 28ft, parking 
is prohibited on both sides of the road, and the road total distance is 0.6 miles. 
 
Figure 61. E. Devine St. 
 
The provided solution for this segment of the spoke would be to create a 4ft wide 
bicycle lane per direction, designed with pavement markings, to increase the visual aid, 
and a 10ft wide vehicle lane per direction (Figure 62). It is important to notice that the 
volume of cars on E. Devine St. is low, so for this segment, with a short length and low 
volume of cars, a vehicle lane 10ft wide with proper signage would be the best solution. 
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Figure 62. Typical Section and Future Recommendations for Section 2 
 
9.3. Typical Section 3: Golden Rd. 
Golden Rd. (Figure 63) is part of Spoke 1 and as per the current striping configuration 
has one 18ft wide vehicle lane per direction, adding to a total width of 36ft. It is a 
residential area, where parking is prohibited in any time, and the road total distance is 0.7 
miles. 
 
Figure 63. Golden Road 
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The provided solution for this part of the spoke would be to restripe the road, 
creating a 5ft wide bicycle lane per direction, and one vehicle lane per direction with 
width of 13ft (Figure 64). 
 
Figure 64. Typical Section and Future Recommendations for Section 3 
 
9.4. Typical Section 4: Oakwood 
Oakwood (Figure 65) is approximately 0.4 miles long, currently there are no bicycle 
lanes present and this segment is not designated as bicycle route, light poles are present 
on this segment and the area is mostly residential. The road presents one lane per 
direction, each lane with a width of 20 feet, adding to a total of 40ft.  
 
Figure 65. Oakwood 
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 The provided solution for this segment is to create one bike lane per direction, 
with width of 5ft per direction, a 10feet wide turning lane, and one vehicle lane per 
direction, with width of 10 feet or one bike lane per direction, with width of 5ft per 
direction, and one vehicle lane per direction, with width of 15 feet (Figure 66). 
 
Figure 66. Typical Section and Future Recommendations for Section 4 
 
9.5. Typical Section 5: Garden Valley Rd. 
Garden Valley Rd. (Figure 67 and Figure 68) is 1.7 mile long, and the main road of 
Spoke 2. The road has two vehicle lanes per direction, with the average lane width being 
12ft, adding to a total width of 48ft. There is no bicycle lanes on this road, no turning 
lane, parking is prohibited at any time, and there is a presence of street lighting. The 
provided solution for this road would be to remove one vehicle lane per direction, and 
create a 5ft wide bicycle lane per direction, and one turning lane. 
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Figure 67. Garden Valley 
 
 
Figure 68. Typical Section and Future Recommendations for Section 5 
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9.6. Typical Sections Summary 
Utilizing the color code developed previously, every road presented on each spoke was 
classified accordingly as shown in Figure 69 and in the following Tables (27-34). 
 
Figure 69. Road Typical Sections
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Table 27. Spoke 1 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Old Omen Rd 59 40 12.25 5 Old Bascon Rd 
McDonald Rd 36 40 13 5 Old Omen 
Golden Rd 36 40 13 5 McDonald Rd. 
E. Devine Rd. 28 30 10 4 Golden Rd 
Baxter Ave 36 30 13 5 E. Devine 
Lake St 36 30 13 5 Baxter Ave / Donnybrook 
 
Table 28. Spoke 2 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Garden Valley 48 45 14 5 Loop 323 
Oakwood 40 30 15 5 Garden Valley / Bois D’arc 
 
Table 29. Spoke 3 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Paluxy Dr 68 35-50 11.6 5 Jeff Davis Dr. 
De Charles 28 30 10 4 Paluxy Dr 
Amherst 36 30 13 5 De Charles 
Donnybrook Ave 36 35 13 5 Amherst / Houston St 
 
Table 30. Spoke 4 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Bellwood Road 35.5 40 12.75 5 Loop 323 
Houston St. 52 35 14 5 Bellwood Road 
Fair Park Dr. 55 30 15 5 Houston St. 
Rose Park Dr. 40 30 11.5 5 Houston St. 
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Table 31. Spoke 5 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Yale Dr. 32 30 11 5 Cambridge Rd 
Heritage Dr. 28 30 10 4 Yale Dr. 
Baylor Dr. 32 30 11 5 Heritage Dr. 
Karen Dr. 28 30 10 4 Baylor Dr. 
Powell Dr. 28 30 10 4 Karen Dr. 
Barbee Dr. 28 30 10 4 Powell Dr. 
Sutherland Dr. 28 30 10 4 Barbee Dr. 
Creekside Trail X X X 5 Sutherland Dr. 
Rudman Trail X X X 5 Creekside Trail 
Donnybrook Ave 36 35 13 5 Rudman Trail / Donnybrook 
 
Table 32. Spoke 7 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Dueling Oaks 36 30 13 5 Jacksonville Hwy 
Cherryhill Dr. 28 30 10 4 Dueling Oaks 
Hollystone Dr 28 30 10 4 Cherryhill Dr. 
Pinehurst St. 28 30 10 4 Hollystone Dr 
Hollytree Cir 28 30 10 4 Pinehurst St. 
Hollytree Dr. 36 35 13 5 Hollytree Cir 
Rieck Rd 40 30 15 5 Hollytree Dr. 
Cloverdale Dr. 28 30 10 4 Rieck Rd 
Trenton Dr. 32 30 11 5 Cloverdale Dr. 
Timberwilde Dr 28 30 10 4 Trenton Dr. 
Richmond Rd. 36 30 13 5 Timberwilde Dr 
Brookside Dr. 36 30 13 5 Richmond Rd. 
Fair Ln. 28 30 10 4 Brookside Dr. / Sunnybrook 
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Table 33. Spoke 9 Road Colors 
Roadway Name 
Pavement 
Width (ft) 
Traffic Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
Earl Campbell 65 45 13.25 6 Loop 323 
Sunnybrook Dr. 52 35 10.5 5 Earl Campbell Pkwy 
Robertson Ave 28 30 10 4 Sunnybrook Dr. 
6th Street 28 30 10 4 Robertson Ave 
Chilton Ave. 36 30 11 5 6th Street / Houston St. 
 
Table 34. Spoke Connections Road Colors 
Spoke 
Connection 
Roadway 
Name 
Pavement 
Width 
(ft) 
Traffic 
Speed 
(mph) 
Proposed Vehicle 
Lane Width (ft) 
Bicycle Lane 
Width (ft) 
Beginning / Ending 
1-3 Golden Rd. 36 35 13 5 McDonald / Paluxy 
1-12 Palmer Ave 36 35 13 5 Erwin / Devine 
2-4 Forest Ave 28 30 10 4 Garden Valley / Erwin 
2-4 Lyons Ave 28 30 10 4 Erwin / Front St 
2-4 Lyons Ave 36 40 13 5 Front St / Bellwood 
3-5 E. Grande Blvd 56 45 14 6 Sutherland / Paluxy 
4-9 Bennet Ave 32 35 11 5 Earl Campbell / Shaw St 
4-9 Shaw St 36 30 13 5 Bennet Ave / Lyons 
4-9 Lyons Ave 32 30 11 5 Shaw St / Bellwood 
5-7 E. Grande Blvd 56 45 14 6 Sutherland / Hollytree Dr. 
3-5-7-9 Amherst St. 28 35 10 4 Donnybrook / Colgate Ave 
3-5-7-9 Amherst St 36 35 13 5 Colgate Ave / Broadway Ave 
3-5-7-9 Amherst St 52 35 13 5 Broadway Ave / Buckingham 
3-5-7-9 Sunnybrook Dr. 52 35 13 5 Buckingham / Robertson 
 
 
 91 
CHAPTER 10. FUTURE WORK 
Future work in the proposed extended coming year (May 2018 to August 2018) include 
completing four bicycle lane spokes and one spoke connection as well as the centralized 
hub (downtown Tyler) adding up to a total of over 55 miles of bike lanes in Tyler. In 
addition, in order to increase the scoring system efficiency, other factors might be 
included into the BLESS, in order to incorporate extra safety factors into account. The 
new safety factors are skid resistance and road velocity. Skid Resistance is defined as the 
force developed when a tire that is prevented from rotating slides along the pavement 
surface. In different words, skid resistance is related to the friction of the road, for 
example, on road segments where the skid resistance is high, will affect the bicyclists 
since they will have to peddle more to overcome the friction forces. However, on roads 
with low skid resistance, it creates a serious hazardous situation with bicyclists sliding on 
the road, since there is low friction between the tire and the road. Road velocity is also 
important to be added to the BLESS since it relates to the cyclist’s comfort while riding 
their bicycles, since the sensation of having a vehicle passing by at higher velocities is 
scary depending on how fast the vehicle is.  
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CHAPTER 11. SUMMARY, AND CONCLUSIONS 
The presented study summarizes the progress in the development of the BLESS and its 
hub-and-spoke bicycle lane map implementation for the City of Tyler. The project also 
analyzed and followed the specifications detailed in the AASHTO Green Book and it is 
believed that every spoke is safe for bicyclists to utilize with responsibility. The presence 
of bicycle lanes will also assist the entire city in attracting more people to use their 
bicycles since it will create new and safe connections between all the areas of the city. 
This will improve user’s health, while decreasing the road traffic, and consequently, the 
gas emissions in the air.  
 The design team gathered data for each spoke, with two different spoke options 
being developed, both were compared utilizing the BLESS. The winning option was then 
selected as the best route option for the bicyclist. Different road configurations were 
analyzed, and for this reason, the total points for each spoke was different, indicating that 
different road types can accommodate bicycle lanes. For the development of Spoke 
Connections, traffic volume and distance difference were removed from the BLESS. 
With the removal of the two factors, the points associated with each spoke connection 
decreased when comparing to the points associated with the main spokes, but had no 
negative effect when selecting the ideal roads to be used.  
The development of the BLESS system creates a simple way to analyze and 
compare different routes that can be used to design bicycle lanes, since the BLESS will 
only select the best road candidates, users will feel more comfortable while using a road 
with designated bicycle lanes than sharing the road with motorized vehicles. Collecting 
the necessary road data and traffic data is time consuming, however, in most cases, cities 
already have an updated Pavement Management System (PMS) that contains all the 
necessary data, transforming the task of selecting the best routes to a simple form of 
comparing data. 
After finishing the City of Tyler Hub-and-Spoke Bicycle Lane Map the BLESS 
was proven to be a reliable way to identify the best roads for the addition of bicycle lanes.  
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Table A-1. Traffic Data for the Intersection of Loop 323 & McDonald Rd. between 6:45 AM – 7:45 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
6:45 - 7:00 9 7 2 17 190 9 20 9 14 4 292 4 577 
7:00 - 7:15 16 15 5 20 175 7 26 11 14 10 255 5 559 
7:15 - 7:30 7 25 4 28 265 6 32 27 28 8 321 3 754 
7:30 - 7:45 2 18 2 15 184 8 34 12 16 17 204 1 513 
Total 34 65 13 80 814 30 112 59 72 39 1072 13 2403 
PHF 0.53 0.65 0.65 0.71 0.77 0.83 0.82 0.55 0.64 0.57 0.83 0.65 0.80 
 
Table A-2. Traffic Data for the Intersection of Loop 323 & McDonald Rd. between 11:45 AM – 12:45 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:45 - 12:00 13 7 8 17 249 7 23 6 9 7 211 14 571 
12:00 - 12:15 16 6 7 13 246 12 22 9 25 12 203 20 591 
12:15 - 12:30 9 7 1 16 237 11 24 9 18 15 220 6 573 
12:30 - 12:45 12 5 7 9 187 19 12 6 13 5 187 14 476 
Total 50 25 23 55 919 49 81 30 65 39 821 54 2211 
PHF 0.78 0.89 0.72 0.81 0.92 0.64 0.84 0.83 0.65 0.65 0.93 0.68 0.94 
 
Table A-3. Traffic Data for the Intersection of Loop 323 & McDonald Rd. between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
17:00 - 17:15 12 15 4 20 253 10 14 10 10 4 209 17 578 
17:15 - 17:30 17 12 9 17 301 10 20 3 8 9 239 19 664 
17:30 - 17:45 11 18 9 22 332 14 22 8 6 5 247 28 722 
17:45 - 18:00 9 14 5 14 203 7 14 14 6 14 197 23 520 
Total 49 59 27 73 1089 41 70 35 30 32 892 87 2484 
PHF 0.72 0.82 0.75 0.83 0.82 0.73 0.80 0.63 0.75 0.57 0.90 0.78 0.86 
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Figure A.1 Grapical Summary of Vehicle Movements 
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Figure A.2 Grapical Summary of Vehicle Movements 
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Figure A.3 Grapical Summary of Vehicle Movements 
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Table A-4. Traffic Data for the Intersection of Loop 323 & 5th Street between 6:45 AM – 7:45 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
6:45 - 7:00 12 31 12 20 158 26 27 59 20 22 220 36 643 
7:00 - 7:15 23 55 12 17 131 22 25 63 22 26 199 36 631 
7:15 - 7:30 27 74 23 25 193 25 30 106 16 43 239 58 859 
7:30 - 7:45 18 61 32 29 219 42 66 132 24 66 240 42 971 
Total 80 221 79 91 701 115 148 360 82 157 898 172 3104 
PHF 0.74 0.75 0.62 0.78 0.80 0.68 0.56 0.68 0.85 0.59 0.94 0.74 0.80 
 
Table A-5. Traffic Data for the Intersection of Loop 323 & 5th Street between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:45 - 12:00 40 102 74 45 153 45 62 76 16 61 144 41 859 
12:00 - 12:15 54 117 71 57 170 56 52 132 27 74 127 41 978 
12:15 - 12:30 43 100 80 54 180 36 52 116 27 84 189 46 1007 
12:30 - 12:45 51 108 51 27 128 18 37 116 18 80 159 37 830 
Total 188 427 276 183 631 155 203 440 88 299 619 165 3674 
PHF 0.87 0.91 0.86 0.80 0.88 0.69 0.82 0.83 0.81 0.89 0.82 0.90 0.91 
 
Table A-6. Traffic Data for the Intersection of Loop 323 & 5th Street between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
17:00 - 17:15 67 166 58 63 268 33 46 97 14 47 226 34 1119 
17:15 - 17:30 42 154 70 73 268 34 55 87 13 68 221 45 1130 
17:30 - 17:45 45 168 52 65 238 21 70 115 11 52 181 45 1063 
17:45 - 18:00 40 92 32 36 178 30 44 72 8 48 198 35 813 
Total 194 580 212 237 952 118 215 371 46 215 826 159 4125 
PHF 0.72 0.86 0.76 0.81 0.89 0.87 0.77 0.81 0.82 0.79 0.91 0.88 0.91 
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Figure A.4 Grapical Summary of Vehicle Movements 
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Figure A.5 Grapical Summary of Vehicle Movements 
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Figure A.6 Grapical Summary of Vehicle Movements 
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Table A-7. Grades and Elevations for Spoke 1 - Option A –McDonald Rd. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 512.1 ft       Old Omen 
0.1 mi 532.3 ft 512.1 ft 20ft 3% Old Omen 
0.2 mi 555.1 ft 532.3 ft 22ft 4% Old Omen 
0.3 mi 572.8 ft 555.1 ft 17ft 2% Old Omen 
0.5 mi 580.0 ft 572.8 ft 7ft 1% Old Omen 
0.6 mi 571.1 ft 580.0 ft -8ft 1% Old Omen 
0.7 mi 581.2 ft 571.1 ft 10ft 1% Old Omen 
0.9 mi 575.0 ft 581.2 ft -6ft 0% Old Omen 
1.0 mi 572.1 ft 575.0 ft -2ft 0% Old Omen 
1.1 mi 575.5 ft 572.1 ft 3ft 0% Old Omen 
1.3 mi 601.8 ft 575.5 ft 26ft 2% Old Omen 
1.5 mi 589.1 ft 601.8 ft -12ft 1% Old Omen 
1.7 mi 594.2 ft 589.1 ft 5ft 0% Old Omen 
1.8 mi 624.7 ft 594.2 ft 30ft 3% Old Omen 
1.9 mi 633.0 ft 624.7 ft 8ft 1% Old Omen 
2.1 mi 637.9 ft 633.0 ft 4ft 0% Old Omen 
2.1 mi 628.5 ft 637.9 ft -9ft 2% Old Omen 
2.2 mi 618.3 ft 628.5 ft -10ft 2% Old Omen 
2.3 mi 613.2 ft 618.3 ft -5ft 1% Old Omen 
2.4 mi 594.9 ft 613.2 ft -18ft 2% Mcdonald 
2.6 mi 601.6 ft 594.9 ft 6ft 1% Mcdonald 
2.7 mi 579.3 ft 601.6 ft -22ft 2% Mcdonald 
2.8 mi 575.6 ft 579.3 ft -3ft 0% Mcdonald 
2.9 mi 576.1 ft 575.6 ft 0ft 0% Mcdonald 
3.0 mi 556.2 ft 576.1 ft -19ft 4% Mcdonald 
3.0 mi 535.8 ft 556.2 ft -20ft 8% Mcdonald 
3.2 mi 536.5 ft 535.8 ft 0ft 0% Mcdonald 
3.3 mi 539.6 ft 536.5 ft 3ft 0% Mcdonald 
3.4 mi 563.0 ft 539.6 ft 23ft 5% Mcdonald 
3.5 mi 592.8 ft 563.0 ft 29ft 4% Mcdonald 
3.5 mi 595.3 ft 592.8 ft 2ft 0% Golden Rd 
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Table A-7. Grades and Elevations for Spoke 1 - Option A –McDonald Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
3.6 mi 580.6 ft 595.3 ft -14 ft 3% Golden Rd 
3.7 mi 555.4 ft 580.6 ft -25ft 4% Golden Rd 
3.8 mi 550.3 ft 555.4 ft -5 ft 0% Golden Rd 
4.0 mi 553.3 ft 550.3 ft 2 ft 0% Golden Rd 
4.1 mi 554.7 ft 553.3 ft 1 ft 0% Golden Rd 
4.1 mi 563.3 ft 554.7 ft 8 ft 1% Golden Road 
4.2 mi 560.5 ft 563.3 ft -2 ft 0% Golden Road 
4.3 mi 553.9 ft 560.5 ft -6 ft 1% Golden Road 
4.4 mi 547.5 ft 553.9 ft -6 ft 2% Golden Road 
4.5 mi 562.1 ft 547.5 ft 14 ft 2% Devine 
4.6 mi 545.3 ft 562.1 ft -16 ft 2% Devine 
4.7 mi 522.1 ft 545.3 ft -23 ft 5% Devine 
4.8 mi 537.9 ft 522.1 ft 15 ft 2% Devine 
4.9 mi 554.9 ft 537.9 ft 17 ft 2% Devine 
5.1 mi 561.1 ft 554.9 ft 6 ft 0% Devine 
5.2 mi 563.3 ft 561.1 ft 2 ft 0% Baxter 
5.3 mi 537.6 ft 563.3 ft -25 ft 4% Lake 
5.5 mi 555.9 ft 537.6 ft 18 ft 2% Lake 
5.6 mi 571.2 ft 555.9 ft 15 ft 2% Lake 
5.7 mi 543.6 ft 571.2 ft -27 ft 3% Lake 
5.8 mi 561.0 ft 543.6 ft 17 ft 3% Lake 
6.0 mi 574.3 ft 561.0 ft 13 ft 2% Lake 
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Table A-8. Grades and Elevations for Spoke 1 - Option B –Old Omen Rd. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 512.1 ft       Old Omen 
0.1 mi 532.3 ft 512.1 ft 20 ft 3% Old Omen 
0.2 mi 555.1 ft 532.3 ft 22 ft 4% Old Omen 
0.3 mi 572.8 ft 555.1 ft 17 ft 2% Old Omen 
0.5 mi 580.0 ft 572.8 ft 7 ft 1% Old Omen 
0.6 mi 571.1 ft 580.0 ft -8 ft 1% Old Omen 
0.7 mi 581.2 ft 571.1 ft 10 ft 1% Old Omen 
0.9 mi 575.0 ft 581.2 ft -6 ft 0% Old Omen 
1.0 mi 572.1 ft 575.0 ft -2 ft 0% Old Omen 
1.1 mi 575.5 ft 572.1 ft 3 ft 0% Old Omen 
1.3 mi 601.8 ft 575.5 ft 26 ft 2% Old Omen 
1.5 mi 589.1 ft 601.8 ft -12 ft 1% Old Omen 
1.7 mi 594.2 ft 589.1 ft 5 ft 0% Old Omen 
1.8 mi 624.7 ft 594.2 ft 30 ft 3% Old Omen 
1.9 mi 633.0 ft 624.7 ft 8 ft 1% Old Omen 
2.1 mi 637.9 ft 633.0 ft 4 ft 0% Old Omen 
2.1 mi 628.5 ft 637.9 ft -9 ft 2% Old Omen 
2.2 mi 618.3 ft 628.5 ft -10 ft 2% Old Omen 
2.3 mi 613.2 ft 618.3 ft -5 ft 1% Old Omen 
2.4 mi 614.5 ft 613.2 ft 1 ft 0% Old Omen 
2.5 mi 602.3 ft 614.5 ft -12 ft 1% Old Omen 
2.6 mi 598.6 ft 602.3 ft -3 ft 0% Old Omen 
2.7 mi 586.4 ft 598.6 ft -12 ft 2% Old Omen 
2.8 mi 580.3 ft 586.4 ft -6 ft 1% Old Omen 
2.9 mi 576.1 ft 580.3 ft -4 ft 0% Old Omen 
3.0 mi 563.9 ft 576.1 ft -12 ft 2% Old Omen 
3.1 mi 544.3 ft 563.9 ft -19 ft 2% Old Omen 
3.3 mi 539.6 ft 544.3 ft -4 ft 0% 5th 
3.4 mi 539.7 ft 539.6 ft 0 ft 0% 5th 
3.5 mi 524.8 ft 539.7 ft -14 ft 2% 5th 
3.6 mi 524.4 ft 524.8 ft 0 ft 0% 5th 
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Table A-8. Grades and Elevations for Spoke 1 - Option B –Old Omen Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
3.7 mi 540.3 ft 524.4 ft 15 ft 3% 5th 
3.8 mi 554.8 ft 540.3 ft 14 ft 3% 5th 
3.9 mi 563.3 ft 554.8 ft 8 ft 1% Golden Road 
4.0 mi 560.5 ft 563.3 ft -2 ft 0% Golden Road 
4.1 mi 553.9 ft 560.5 ft -6 ft 1% Golden Road 
4.2 mi 547.5 ft 553.9 ft -6 ft 2% Golden Road 
4.3 mi 562.1 ft 547.5 ft 14 ft 2% Devine 
4.4 mi 545.3 ft 562.1 ft -16 ft 2% Devine 
4.5 mi 522.1 ft 545.3 ft -23 ft 5% Devine 
4.6 mi 537.9 ft 522.1 ft 15 ft 2% Devine 
4.7 mi 554.9 ft 537.9 ft 17 ft 2% Devine 
4.9 mi 561.1 ft 554.9 ft 6 ft 0% Devine 
5.0 mi 563.3 ft 561.1 ft 2 ft 0% Baxter 
5.1 mi 537.6 ft 563.3 ft -25 ft 4% Lake 
5.3 mi 555.9 ft 537.6 ft 18 ft 2% Lake 
5.4 mi 571.2 ft 555.9 ft 15 ft 2% Lake 
5.5 mi 543.6 ft 571.2 ft -27 ft 3% Lake 
5.6 mi 561.0 ft 543.6 ft 17 ft 3% Lake 
5.8 mi 574.3 ft 561.0 ft 13 ft 2% Lake 
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Table B-1. Traffic Data for the Intersection of Garden Valley & Glenwood between 7:00 AM – 8:00 AM 
 Southbound Westbound Northbound Eastbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00-7:15 0 62 3 7 15 4 15 36 0 4 7 3 156 
7:15 - 7:30 2 70 1 5 10 5 10 35 2 3 16 12 171 
7:30 - 7:45 2 78 7 4 16 7 11 43 1 6 13 17 205 
7:45 - 8:00 3 84 3 7 18 11 11 49 1 4 19 19 229 
Total 7 294 14 23 59 27 47 163 4 17 55 51 761 
PHF 0.6 0.9 0.5 0.8 0.8 0.6 0.8 0.8 0.5 0.7 0.7 0.7 0.8 
 
Table B-2. Traffic Data for the Intersection of Garden Valley & Glenwood between 11:30 AM – 12:30 PM 
 Southbound Westbound Northbound Eastbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 1 59 4 2 12 5 7 39 1 3 9 8 154 
11:45 - 12:00 3 69 3 3 7 4 5 60 1 3 8 8 174 
12:00- 12:15 0 75 6 4 11 3 13 68 2 3 9 17 211 
12:15 - 12:30 2 61 2 0 8 5 11 41 1 1 11 9 152 
Total 6 264 15 9 38 17 38 210 5 10 37 42 691 
PHF 0.5 0.9 0.6 0.6 0.8 0.9 0.7 0.8 0.6 0.8 0.8 0.6 0.8 
 
Table B-3. Traffic Data for the Intersection of Garden Valley & Glenwood between 4:20 PM – 5:20 PM 
 Southbound Westbound Northbound Eastbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:20 - 16:30 0 36 1 5 9 3 8 34 2 3 5 13 119 
16:30 - 16:45 2 87 2 6 21 5 14 92 3 8 31 20 291 
16:45- 17:00 2 73 3 6 20 8 12 96 5 5 15 15 260 
17:00 - 17:15 3 112 7 8 29 15 14 84 2 5 29 13 321 
17:15 - 17:20 0 3 0 1 7 2 2 16 1 2 3 0 37 
Total 7 311 13 26 86 33 50 322 13 23 83 61 1028 
PHF 0.6 0.7 0.5 0.8 0.7 0.5 0.9 0.8 0.6 0.7 0.6 0.8 0.8 
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Figure B.1 Grapical Summary of Vehicle Movements 
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Figure B.2 Grapical Summary of Vehicle Movements 
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Figure B.3 Grapical Summary of Vehicle Movements 
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Table B-4. Traffic Data for the Intersection of Oakwood & Palace Ave. between 7:00 AM – 8:00 AM 
 Southbound Westbound Northbound Eastbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00-7:15 3 78 3 5 5 0 5 60 6 2 2 4 183 
7:15 - 7:30 1 114 1 8 2 3 17 88 5 1 9 17 266 
7:30 - 7:45 5 144 1 6 3 3 16 93 4 2 6 19 302 
7:45 - 8:00 4 107 0 3 4 0 7 75 2 2 6 12 222 
Total 13 443 5 22 14 6 45 316 17 7 23 52 973 
PHF 0.6 0.8 0.6 0.6 0.8 0.5 0.7 0.8 0.8 0.9 0.6 0.7 0.8 
 
Table B-5. Traffic Data for the Intersection of Oakwood & Palace Ave. 11:30 AM – 12:30 PM 
 Southbound Westbound Northbound Eastbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 1 81 1 2 6 3 8 86 2 4 2 11 207 
11:45 - 12:00 3 95 0 1 7 3 5 91 3 3 11 10 232 
12:00- 12:15 0 85 5 4 12 4 6 86 4 3 10 11 230 
12:15 - 12:30 5 69 10 5 6 3 7 81 2 4 8 8 208 
Total 6 264 15 9 38 17 38 210 5 10 37 42 877 
PHF 0.4 0.9 0.4 0.6 0.6 0.8 0.8 0.9 0.7 0.9 0.7 0.9 0.9 
 
Table B-6. Traffic Data for the Intersection of Oakwood & Palace Ave. 5:00 PM – 6:00 PM 
 Southbound Westbound Northbound Eastbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:20 - 16:30 2 84 4 0 3 3 15 96 6 2 5 10 230 
16:30 - 16:45 4 127 3 5 9 3 20 140 3 4 9 14 341 
16:45- 17:00 2 117 2 4 3 6 23 179 2 4 8 12 362 
17:00 - 17:15 3 136 8 10 12 10 25 171 8 1 7 15 406 
17:15 - 17:20 0 24 2 1 10 3 2 32 2 0 4 3 83 
Total 7 311 13 26 86 33 50 322 13 23 83 61 1422 
PHF 0.7 0.9 0.5 0.5 0.7 0.6 0.8 0.8 0.6 0.7 0.8 0.9 0.8 
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Figure B.4 Grapical Summary of Vehicle Movements 
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Figure B.5 Grapical Summary of Vehicle Movements 
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Figure B.6 Grapical Summary of Vehicle Movements 
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Table B-7. Grades and Elevations for Spoke 2 - Option A – Garden Valley Road and Oakwood Street 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 468.1 ft       Garden Valley 
0.1 mi 491.0 ft 468.1 ft 22 ft 3% Garden Valley 
0.2 mi 488.6 ft 491.0 ft -2ft 0% Garden Valley 
0.4 mi 492.0 ft 488.6 ft 3 ft 0% Garden Valley 
0.5 mi 499.2 ft 492.0 ft 7 ft 1% Garden Valley 
0.6 mi 480.0 ft 499.2 ft -19ft 2% Garden Valley 
0.7 mi 502.9 ft 480.0 ft 22 ft 3% Garden Valley 
0.9 mi 509.7 ft 502.9 ft 6 ft 0% Garden Valley 
1.1 mi 496.1 ft 509.7 ft -13ft 1% Garden Valley 
1.2 mi 521.0 ft 496.1 ft 24 ft 3% Garden Valley 
1.3 mi 535.5 ft 521.0 ft 14 ft 2% Garden Valley 
1.5 mi 550.7 ft 535.5 ft 15 ft 2% Garden Valley 
1.6 mi 568.9 ft 550.7 ft 18 ft 2% Garden Valley 
1.7 mi 581.8 ft 568.9 ft 12 ft 1% Garden Valley 
1.8 mi 585.0 ft 581.8 ft 3 ft 0% Oakwood Street 
1.9 mi 584.3 ft 585.0 ft 0 ft 0% Oakwood Street 
2.1 mi 561.1 ft 584.3 ft -23ft 3% Oakwood Street 
2.2 mi 559.7 ft 561.1 ft -1ft 0% Oakwood Street 
2.3 mi 552.8 ft 559.7 ft -6ft 0% Oakwood Street 
2.5 mi 537.5 ft 552.8 ft -15ft 1% Oakwood Street 
2.6 mi 525.1 ft 537.5 ft -12ft 2% Oakwood Street 
 
 
 
 
 
 
 
 
 
 
 120 
Table B-8. Grades and Elevations for Spoke 2 - Option B – Garden Valley Road and Selman Street 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 468.1 ft       Garden Valley 
0.1 mi 491.0 ft 468.1 ft 22 ft 3% Garden Valley 
0.2 mi 488.6 ft 491.0 ft -2ft 0% Garden Valley 
0.4 mi 492.0 ft 488.6 ft 3 ft 0% Garden Valley 
0.5 mi 499.2 ft 492.0 ft 7 ft 1% Garden Valley 
0.6 mi 480.0 ft 499.2 ft -19ft 2% Garden Valley 
0.7 mi 502.9 ft 480.0 ft 22 ft 3% Garden Valley 
0.9 mi 509.7 ft 502.9 ft 6 ft 0% Garden Valley 
1.1 mi 496.1 ft 509.7 ft -13ft 1% Garden Valley 
1.2 mi 521.0 ft 496.1 ft 24 ft 3% Garden Valley 
1.3 mi 535.5 ft 521.0 ft 14 ft 2% Garden Valley 
1.5 mi 550.7 ft 535.5 ft 15 ft 2% Garden Valley 
1.6 mi 568.9 ft 550.7 ft 18 ft 2% Garden Valley 
1.7 mi 581.6 ft 568.9 ft 12 ft 1% Garden Valley 
1.8 mi 581.7 ft 581.6 ft 3 ft 0% Garden Valley 
1.9 mi 575.3 ft 581.7 ft -10 ft 2% Garden Valley 
2.0 mi 560.8 ft 575.3 ft -14 ft 2% Selman Street 
2.1 mi 560.8 ft 560.8 ft 4 ft 0% Selman Street 
2.2 mi 560.8 ft 560.8 ft 6 ft 0% Selman Street 
2.3 mi 557.9 ft 560.8 ft -13 ft 2% Ellis Ave 
2.4 mi 544.6 ft 557.9 ft -13 ft 3% Oakwood Street 
2.5 mi 540.0 ft 544.6 ft -4 ft 0% Oakwood Street 
2.6 mi 525.3 ft 540.0 ft -14 ft 2% Oakwood Street 
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Table C-1. Traffic Data for the Highland Ave between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 0 0 0 0 13 0 0 0 0 0 7 0 20 
7:15 - 7:30 0 0 0 0 15 0 0 0 0 0 9 0 24 
7:30 - 7:45 0 0 0 0 25 0 0 0 0 0 10 0 35 
7:45 - 08:00 0 0 0 0 21 0 0 0 0 0 3 0 24 
Total 0 0 0 0 74 0 0 0 0 0 29 0 103 
PHF 0 0 0 0 0.74 0 0 0 0 0 0.73 0 0.74 
 
Table C-2. Traffic Data for the Highland Ave between 11:45 PM – 12:45 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
12:00 - 12:15 0 0 0 0 9 0 0 0 0 0 8 0 17 
12:15 - 12:30 0 0 0 0 13 0 0 0 0 0 11 0 24 
12:30 - 12:45 0 0 0 0 17 0 0 0 0 0 13 0 30 
12:45 - 13:00 0 0 0 0 15 0 0 0 0 0 8 0 23 
Total 0 0 0 0 54 0 0 0 0 0 40 0 94 
PHF 0 0 0 0 0.79 0 0 0 0 0 0.77 0 0.78 
 
Table C-3. Traffic Data for the Highland Ave between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
4:00 - 4:15 PM 0 0 0 0 17 0 0 0 0 0 7 0 24 
4:15 - 4:30 PM 0 0 0 0 23 0 0 0 0 0 14 0 37 
4:30 - 4:45 PM 0 0 0 0 35 0 0 0 0 0 18 0 53 
4:45 - 5:00PM 0 0 0 0 27 0 0 0 0 0 10 0 37 
Total 0 0 0 0 102 0 0 0 0 0 49 0 151 
PHF 0 0 0 0 0.73 0 0 0 0 0 0.68 0 0.71 
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Figure C.1 Grapical Summary of Vehicle Movements 
 
 
 124 
 
Figure C.2 Grapical Summary of Vehicle Movements 
 125 
 
Figure C.3 Grapical Summary of Vehicle Movements 
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Table C-4. Traffic Data for the Donnybrook and 5th Street Intersection between 6:45 AM – 7:45 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
6:45 - 7:00 3 108 2 6 30 0 0 0 0 0 27 5 181 
7:00 - 7:15 5 141 9 8 36 0 0 0 0 0 43 6 248 
7:15 - 7:30 10 175 6 9 46 0 0 0 0 0 55 13 314 
7:30 - 7:45 3 135 4 5 41 0 0 0 0 0 48 6 242 
Total 21 559 21 28 153 0 0 0 0 0 173 30 985 
PHF 0.53 0.80 0.58 0.78 0.83 0 0 0 0 0 0.79 0.58 0.78 
 
Table C-5. Traffic Data for the Donnybrook and 5th Street Intersection between 11:45 AM – 12:45 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:45 - 12:00 1 138 3 15 53 0 0 0 0 0 38 13 261 
12:00 - 12:15 11 197 4 18 42 0 0 0 0 0 60 17 349 
12:15 - 12:30 5 163 12 19 40 0 0 0 0 0 47 8 294 
12:30 - 12:45 4 159 7 11 46 0 0 0 0 0 52 16 295 
Total 21 657 26 63 181 0 0 0 0 0 197 54 1199 
PHF 0.48 0.83 0.54 0.83 0.85 0 0 0 0 0 0.82 0.79 0.86 
 
Table C-6. Traffic Data for the Donnybrook and 5th Street Intersection between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
17:00 - 17:15 13 236 3 11 24 0 0 0 0 0 80 20 387 
17:15 - 17:30 18 216 4 12 24 0 0 0 0 0 36 9 319 
17:30 - 17:45 13 193 2 9 32 0 0 0 0 0 34 14 297 
17:45 - 18:00 6 177 5 9 33 0 0 0 0 0 33 13 276 
Total 50 822 14 41 113 0 0 0 0 0 183 56 1279 
PHF 0.69 0.87 0.70 0.85 0.86 0 0 0 0 0 0.57 0.70 0.83 
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Figure C.4 Grapical Summary of Vehicle Movements 
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Figure C.5 Grapical Summary of Vehicle Movements 
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Figure C.6 Grapical Summary of Vehicle Movements 
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Table C-7. Traffic Data for the Donnybrook and 4th Street Intersection between 6:45 AM – 7:45 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
6:45 - 7:00 0 0 0 0 30 53 3 251 2 27 27 0 393 
7:00 - 7:15 0 0 0 0 36 42 5 430 9 43 43 0 608 
7:15 - 7:30 0 0 0 0 46 40 10 386 6 55 55 0 598 
7:30 - 7:45 0 0 0 0 41 46 3 197 4 48 48 0 387 
Total 0 0 0 0 153 181 21 1264 21 173 173 0 1986 
PHF 0 0 0 0 0.83 0.85 0.53 0.82 0.58 0.79 0.79 0 0.82 
 
Table C-8. Traffic Data for the Donnybrook and 4th Street Intersection between 11:45 AM – 12:45 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:45 - 12:00 0 0 0 0 30 53 3 108 2 27 27 0 250 
12:00 - 12:15 0 0 0 0 36 42 5 141 9 43 43 0 319 
12:15 - 12:30 0 0 0 0 46 40 10 175 6 55 55 0 387 
12:30 - 12:45 0 0 0 0 41 46 3 135 4 48 48 0 325 
Total 0 0 0 0 153 181 21 559 21 173 173 0 1281 
PHF 0 0 0 0 0.83 0.85 0.53 0.80 0.58 0.79 0.79 0 0.83 
 
Table C-9. Traffic Data for the Donnybrook and 4th Street Intersection between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
17:00 - 17:15 0 0 0 0 30 53 3 129 2 27 27 0 271 
17:15 - 17:30 0 0 0 0 36 42 5 141 9 43 43 0 319 
17:30 - 17:45 0 0 0 0 46 40 10 175 6 55 55 0 387 
17:45 - 18:00 0 0 0 0 41 46 3 135 4 48 48 0 325 
Total 0 0 0 0 153 181 21 580 21 173 173 0 1302 
PHF 0 0 0 0 0.83 0.85 0.53 0.83 0.58 0.79 0.79 0 0.84 
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Figure C.7 Grapical Summary of Vehicle Movements 
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Figure C.8 Grapical Summary of Vehicle Movements 
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Figure C.9 Grapical Summary of Vehicle Movements 
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Table C-10. Grades and Elevations for Spoke 3 - Option A – Donnybrook Ave 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 582.4 ft       Paluxy 
0.1 mi 596.0 ft 582.4 ft 13ft 3% Paluxy 
0.1 mi 604.4 ft 596.0 ft 8ft 2% Paluxy 
0.2 mi 586.6 ft 604.4 ft -17ft 3% Paluxy 
0.3 mi 565.0 ft 586.6 ft -21ft 5% Paluxy 
0.4 mi 551.6 ft 565.0 ft -13ft 2% Paluxy 
0.6 mi 531.5 ft 551.6 ft -20ft 2% Paluxy 
0.7 mi 518.2 ft 531.5 ft -13ft 1% Paluxy 
0.8 mi 505.5 ft 518.2 ft -12ft 1% Paluxy 
1.0 mi 526.6 ft 505.5 ft 21ft 3% Paluxy 
1.1 mi 536.0 ft 526.6 ft 9ft 1% Paluxy 
1.2 mi 554.0 ft 536.0 ft 18ft 2% Paluxy 
1.3 mi 581.9 ft 554.0 ft 27ft 4% Paluxy 
1.5 mi 553.8 ft 581.9 ft -28ft 4% Paluxy 
1.6 mi 531.4 ft 553.8 ft -22ft 3% Paluxy 
1.7 mi 538.8 ft 531.4 ft 7ft 1% Paluxy 
1.8 mi 507.5 ft 538.8 ft -31ft 4% Paluxy 
2.0 mi 517.8 ft 507.5 ft 10ft 1% Paluxy 
2.1 mi 507.6 ft 517.8 ft -10ft 1% Paluxy 
2.2 mi 535.0 ft 507.6 ft 27ft 5% Paluxy 
2.3 mi 549.7 ft 535.0 ft 14ft 2% Paluxy 
2.4 mi 575.2 ft 549.7 ft 25ft 5% Paluxy 
2.4 mi 560.7 ft 575.2 ft -14ft 4% De Charles 
2.5 mi 546.8 ft 560.7 ft -13ft 4% De Charles 
2.5 mi 527.9 ft 546.8 ft -18ft 9% De Charles 
2.6 mi 579.7 ft 527.9 ft 51ft 16% De Charles 
2.6 mi 565.8 ft 579.7 ft -13ft 4% De Charles 
2.7 mi 559.9 ft 565.8 ft -5ft 2% De Charles 
2.7 mi 577.2 ft 559.9 ft 17ft 6% De Charles 
2.8 mi 565.7 ft 577.2 ft -11ft 2% De Charles 
2.9 mi 556.5 ft 565.7 ft -9ft 2% Amherst 
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Table C-10. Grades and Elevations for Spoke 3 - Option A – Donnybrook Ave (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
3.0 mi 548.3 ft 556.5 ft -8ft 2% Pollard 
3.0 mi 544.4 ft 548.3 ft -3ft 1% Pollard 
3.1 mi 549.5 ft 544.4 ft 5ft 1% Pollard 
3.2 mi 557.5 ft 549.5 ft 7ft 2% Pollard 
3.2 mi 553.5 ft 557.5 ft -3ft 0% Pollard 
3.3 mi 544.2 ft 553.5 ft -9ft 2% Hudnall 
3.4 mi 535.8 ft 544.2 ft -8ft 1% Hudnall 
3.4 mi 543.6 ft 535.8 ft 7ft 3% Copeland 
3.5 mi 543.6 ft 543.6 ft 0ft 0% Stanford 
3.6 mi 547.5 ft 543.6 ft 3ft 1% Stanford 
3.6 mi 552.9 ft 547.5 ft 5ft 1% Donnybrook 
3.7 mi 555.2 ft 552.9 ft 2ft 0% Donnybrook 
3.8 mi 560.2 ft 555.2 ft 4ft 1% Donnybrook 
3.9 mi 575.6 ft 560.2 ft 15ft 4% Donnybrook 
3.9 mi 554.1 ft 575.6 ft -21ft 5% Donnybrook 
4.0 mi 568.7 ft 554.1 ft 14ft 3% Donnybrook 
4.1 mi 599.9 ft 568.7 ft 31ft 6% Donnybrook 
4.2 mi 620.0 ft 599.9 ft 20ft 4% Donnybrook 
4.3 mi 620.6 ft 620.0 ft 0ft 0% Donnybrook 
4.4 mi 620.9 ft 620.6 ft 0ft 0% Donnybrook 
4.5 mi 615.3 ft 620.9 ft -5ft 1% Donnybrook 
4.5 mi 612.7 ft 615.3 ft -2ft 0% 6th/Donnybrook 
4.6 mi 609.7 ft 612.7 ft -3ft 0% Donnybrook 
4.7 mi 605.7 ft 609.7 ft -4ft 0% 3rd/Donnybrook 
4.8 mi 599.5 ft 605.7 ft -6ft 1% Donnybrook 
4.9 mi 590.9 ft 599.5 ft -8ft 1% Donnybrook 
5.0 mi 569.7 ft 590.9 ft -21ft 3% Donnybrook 
5.1 mi 547.1 ft 569.7 ft -22ft 4% Donnybrook 
5.2 mi 531.6 ft 547.1 ft -15ft 3% Donnybrook 
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Table C-10. Grades and Elevations for Spoke 3 - Option A – Donnybrook Ave (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
5.3 mi 559.0 ft 531.6 ft 27ft 4% Donnybrook 
5.4 mi 575.5 ft 559.0 ft 16ft 3% Donnybrook 
5.5 mi 563.2 ft 575.5 ft -12ft 2% Donnybrook 
 
  
 137 
Table C-11. Grades and Elevations for Spoke 3 - Option B – Highland Ave 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 582.4 ft       Paluxy 
0.1 mi 596.0 ft 582.4 ft 13ft 3% Paluxy 
0.1 mi 604.4 ft 596.0 ft 8ft 2% Paluxy 
0.2 mi 586.6 ft 604.4 ft -17ft 3% Paluxy 
0.3 mi 565.0 ft 586.6 ft -21ft 5% Paluxy 
0.4 mi 551.6 ft 565.0 ft -13ft 2% Paluxy 
0.6 mi 531.5 ft 551.6 ft -20ft 2% Paluxy 
0.7 mi 518.2 ft 531.5 ft -13ft 1% Paluxy 
0.8 mi 505.5 ft 518.2 ft -12ft 1% Paluxy 
1.0 mi 526.6 ft 505.5 ft 21ft 3% Paluxy 
1.1 mi 536.0 ft 526.6 ft 9ft 1% Paluxy 
1.2 mi 554.0 ft 536.0 ft 18ft 2% Paluxy 
1.3 mi 581.9 ft 554.0 ft 27ft 4% Paluxy 
1.5 mi 553.8 ft 581.9 ft -28ft 4% Paluxy 
1.6 mi 531.4 ft 553.8 ft -22ft 3% Paluxy 
1.7 mi 538.8 ft 531.4 ft 7ft 1% Paluxy 
1.8 mi 507.5 ft 538.8 ft -31ft 4% Paluxy 
2.0 mi 517.8 ft 507.5 ft 10ft 1% Paluxy 
2.1 mi 507.6 ft 517.8 ft -10ft 1% Paluxy 
2.2 mi 535.0 ft 507.6 ft 27ft 5% Paluxy 
2.3 mi 549.7 ft 535.0 ft 14ft 2% Paluxy 
2.4 mi 575.2 ft 549.7 ft 25ft 5% Paluxy 
2.4 mi 560.7 ft 575.2 ft -14ft 4% De Charles 
2.5 mi 546.8 ft 560.7 ft -13ft 4% De Charles 
2.5 mi 527.9 ft 546.8 ft -18ft 9% De Charles 
2.6 mi 579.7 ft 527.9 ft 51ft 16% De Charles 
2.6 mi 565.8 ft 579.7 ft -13ft 4% De Charles 
2.7 mi 559.9 ft 565.8 ft -5ft 2% De Charles 
2.7 mi 577.2 ft 559.9 ft 17ft 6% De Charles 
2.8 mi 565.7 ft 577.2 ft -11ft 2% De Charles 
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Table C-11. Grades and Elevations for Spoke 3 - Option B – Highland Ave (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
2.9 mi 556.5 ft 565.7 ft -9ft 2% Amherst 
3.0 mi 548.3 ft 556.5 ft -8ft 2% Pollard 
3.0 mi 544.4 ft 548.3 ft -3ft 1% Pollard 
3.1 mi 549.5 ft 544.4 ft 5ft 1% Pollard 
3.2 mi 557.5 ft 549.5 ft 7ft 2% Pollard 
3.2 mi 553.5 ft 557.5 ft -3ft 0% Pollard 
3.3 mi 544.2 ft 553.5 ft -9ft 2% Hudnall 
3.4 mi 535.8 ft 544.2 ft -8ft 1% Hudnall 
3.4 mi 543.6 ft 535.8 ft 7ft 3% Copeland 
3.5 mi 543.6 ft 543.6 ft 0ft 0% Stanford 
3.6 mi 547.5 ft 543.6 ft 3ft 1% Stanford 
3.6 mi 552.9 ft 547.5 ft 5ft 1% Donnybrook 
3.7 mi 555.2 ft 552.9 ft 2ft 0% Donnybrook 
3.8 mi 560.2 ft 555.2 ft 4ft 1% Donnybrook 
3.9 mi 575.6 ft 560.2 ft 15ft 4% Donnybrook 
3.9 mi 554.1 ft 575.6 ft -21ft 5% Donnybrook 
4.0 mi 568.7 ft 554.1 ft 14ft 3% Donnybrook 
4.1 mi 599.9 ft 568.7 ft 31ft 6% Donnybrook 
4.2 mi 620.0 ft 599.9 ft 20ft 4% Donnybrook 
4.3 mi 620.6 ft 620.0 ft 0ft 0% Donnybrook 
4.4 mi 620.9 ft 620.6 ft 0ft 0% Donnybrook 
4.5 mi 615.3 ft 620.9 ft -5ft 1% Donnybrook 
4.5 mi 612.7 ft 615.3 ft -2ft 0% 6th/donnybrook 
4.6 mi 619.3 ft 612.7 ft 6ft 1% 6th 
4.8 mi 607.4 ft 619.3 ft -11ft 1% 6th 
4.9 mi 599.3 ft 607.4 ft -8ft 1% 6th 
4.9 mi 585.4 ft 599.3 ft -13ft 3% Highland 
5.1 mi 574.0 ft 585.4 ft -11ft 3% Highland 
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Table C-11. Grades and Elevations for Spoke 3 - Option B – Highland Ave (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
5.2 mi 573.5 ft 574.0 ft 0ft 0% 3rd 
5.3 mi 589.8 ft 573.5 ft 16ft 5% 3rd 
5.3 mi 605.7 ft 589.8 ft 15ft 4% 3rd 
5.4 mi 599.5 ft 605.7 ft -6ft 1% Donnybrook 
5.5 mi 590.9 ft 599.5 ft -8ft 1% Donnybrook 
5.5 mi 569.7 ft 590.9 ft -21ft 3% Donnybrook 
5.6 mi 547.1 ft 569.7 ft -22ft 4% Donnybrook 
5.7 mi 531.6 ft 547.1 ft -15ft 3% Donnybrook 
5.8 mi 559.0 ft 531.6 ft 27ft 4% Donnybrook 
5.9 mi 575.5 ft 559.0 ft 16ft 3% Donnybrook 
6.0 mi 563.2 ft 575.5 ft -12ft 2% Donnybrook 
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Table D-1. Traffic Data for the Shaw Street and Lyons Ave intersection between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 5 31 3 2 34 5 8 5 4 8 2 6 113 
7:15 - 7:30 10 33 5 0 23 2 13 2 3 1 7 4 103 
7:30 - 7:45 5 41 7 0 35 12 10 2 3 4 5 5 129 
7:45 - 8:00 8 26 4 3 33 9 10 3 1 3 6 4 110 
Total 28 131 19 5 125 28 41 12 11 16 20 19 455 
PHF 0.70 0.80 0.68 0.42 0.89 0.58 0.79 0.60 0.69 0.50 0.71 0.79 0.88 
 
Table D-2. Traffic Data for the Shaw Street and Lyons Ave intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 3 29 7 0 35 4 4 7 4 7 2 4 106 
11:45 - 12:00 9 33 6 0 18 0 14 3 3 0 4 2 92 
12:00 - 12:15 5 42 6 0 39 11 6 0 5 7 3 3 127 
12:15 - 12:30 6 18 3 2 24 6 7 3 0 4 5 2 80 
Total 23 122 22 2 116 21 31 13 12 18 14 11 405 
PHF 0.64 0.73 0.79 0.25 0.74 0.48 0.55 0.46 0.60 0.64 0.70 0.69 0.80 
 
Table D-3. Traffic Data for the Shaw Street and Lyons Ave intersection between 4:00 PM – 5:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 3 24 2 1 30 4 9 5 5 9 3 5 100 
16:45 - 17:00 6 42 3 1 27 3 14 2 4 2 9 5 118 
17:00 - 17:15 4 44 7 1 33 11 7 1 4 3 6 4 125 
17:15 - 17:30 7 36 6 3 34 4 3 2 0 6 4 5 110 
Total 20 146 18 6 124 22 33 10 13 20 22 19 453 
PHF 0.71 1.01 2.25 1.50 1.03 1.38 0.59 2.50 0.81 0.83 0.92 0.95 0.91 
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Figure D.1 Grapical Summary of Vehicle Movements 
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Figure D.2 Grapical Summary of Vehicle Movements 
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Figure D.3 Grapical Summary of Vehicle Movements 
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Table D-4. Traffic Data for the Bellwood and Lyons Ave intersection between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 3 22 17 1 31 0 0 6 4 19 3 4 110 
7:15 - 7:30 1 10 9 4 29 0 0 11 7 11 1 1 84 
7:30 - 7:45 0 20 3 8 28 0 1 5 0 8 0 4 77 
7:45 - 8:00 1 31 13 8 25 2 0 3 6 14 5 6 114 
Total 5 83 42 21 113 2 1 25 17 52 9 15 385 
PHF 0.42 0.67 0.62 0.66 0.91 0.25 0.25 0.57 0.61 0.68 0.45 0.63 0.84 
 
Table D-5. Traffic Data for the Bellwood and Lyons Ave intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 2 17 13 0 26 0 0 0 3 19 2 3 85 
11:45 - 12:00 1 8 7 3 18 0 0 0 5 12 1 1 56 
12:00 - 12:15 0 15 3 6 22 0 0 0 0 6 0 3 55 
12:15 - 12:30 1 24 10 6 25 3 0 3 4 13 4 5 98 
Total 4 64 33 15 91 3 0 3 12 50 7 12 294 
PHF 0.50 0.67 0.63 0.63 0.88 0.25 0 0.25 0.75 0.96 0.44 0.60 0.75 
 
Table D-6. Traffic Data for the Bellwood and Lyons Ave intersection between 4:00 PM – 5:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 3 17 14 2 23 1 0 2 4 19 2 1 88 
16:45 - 17:00 2 11 11 1 21 0 1 1 3 14 1 1 67 
17:00 - 17:15 2 16 8 5 20 2 1 0 2 10 3 2 71 
17:15 - 17:30 2 22 13 4 23 1 0 1 5 15 2 2 90 
Total 9 66 46 12 87 4 2 4 14 58 8 6 316 
PHF 0.75 0.75 0.82 0.60 0.95 0.50 0.50 0.50 0.70 0.76 0.67 0.75 0.88 
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Figure D.4 Grapical Summary of Vehicle Movements 
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Figure D.5 Grapical Summary of Vehicle Movements 
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Figure D.6 Grapical Summary of Vehicle Movements 
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Table D-7. Grades and Elevations for Spoke 4 - Option A – Shaw Street 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 506.2 ft       Shaw 
0.1 mi 509.3 ft 506.2 ft 3 ft 0% Shaw 
0.2 mi 511.2 ft 509.3 ft 1 ft 0% Shaw 
0.3 mi 514.4 ft 511.2 ft 3 ft 0% Shaw 
0.4 mi 527.3 ft 514.4 ft 12 ft 2% Shaw 
0.5 mi 555.7 ft 527.3 ft 28 ft 5% Shaw 
0.6 mi 574.8 ft 555.7 ft 19 ft 2% Shaw 
0.7 mi 581.6 ft 574.8 ft 6 ft 1% Shaw 
0.8 mi 594.9 ft 581.6 ft 13 ft 2% Shaw 
0.9 mi 589.3 ft 594.9 ft -5 ft 1% Lyons 
1.0 mi 578.6 ft 589.3 ft -10 f 2% Lyons 
1.1 mi 569.9 ft 578.6 ft -8 ft 1% Lyons 
1.2 mi 577.1 ft 569.9 ft 7 ft 1% Bellwood 
1.3 mi 573.3 ft 577.1 ft -3 ft 0% Bellwood 
1.4 mi 579.5 ft 573.3 ft 6 ft 1% Bellwood 
1.5 mi 545.7 ft 579.5 ft -33 f 6% Bellwood 
1.6 mi 540.3 ft 545.7 ft -5 ft 0% Bellwood 
1.7 mi 548.0 ft 540.3 ft 7 ft 1% Bellwood 
1.7 mi 546.8 ft 548.0 ft -1 ft 0% Bellwood 
1.8 mi 546.7 ft 546.8 ft 0 ft 0% Houston 
1.9 mi 536.9 ft 546.7 ft -9 ft 1% Houston 
2.1 mi 562.4 ft 536.9 ft 25 ft 3% Houston 
2.2 mi 559.1 ft 562.4 ft -3 ft 0% Houston 
2.3 mi 570.6 ft 559.1 ft 11 ft 2% Houston 
2.4 mi 570.5 ft 570.6 ft 0 ft 0% Houston 
2.6 mi 572.6 ft 570.5 ft 2 ft 0% Houston 
2.7 mi 564.5 ft 572.6 ft -8 ft 1% Houston 
2.8 mi 563.4 ft 564.5 ft -1 ft 0% Houston 
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Table D-8. Grades and Elevations for Spoke 4 - Option B – Bellwood 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 498.4 ft       Bellwood 
0.1 mi 517.6 ft 498.4 ft 19 ft 5% Bellwood 
0.1 mi 526.1 ft 517.6 ft 8 ft 3% Bellwood 
0.2 mi 522.0 ft 526.1 ft -4 ft 1% Bellwood 
0.2 mi 525.0 ft 522.0 ft 3 ft 0% Bellwood 
0.4 mi 532.2 ft 525.0 ft 7 ft 1% Bellwood 
0.4 mi 546.2 ft 532.2 ft 14 ft 4% Bellwood 
0.5 mi 553.4 ft 546.2 ft 7 ft 1% Bellwood 
0.6 mi 561.5 ft 553.4 ft 8 ft 1% Bellwood 
0.7 mi 562.2 ft 561.5 ft 0 ft 0% Bellwood 
0.8 mi 570.2 ft 562.2 ft 7 ft 1% Bellwood 
1.0 mi 577.1 ft 570.2ft 7 ft 1% Bellwood 
1.1 mi 573.3 ft 577.1 ft -3 ft 0% Bellwood 
1.2 mi 579.5 ft 573.3 ft 6 ft 1% Bellwood 
1.3 mi 545.7 ft 579.5 ft -33 ft 6% Bellwood 
1.4 mi 540.3 ft 545.7 ft -5 ft 0% Bellwood 
1.5 mi 548.0 ft 540.3 ft 7 ft 1% Bellwood 
1.5 mi 546.8 ft 548.0 ft -1 ft 0% Bellwood 
1.6 mi 546.7 ft 546.8 ft 0 ft 0% Houston 
1.7 mi 536.9 ft 546.7 ft -9 ft 1% Houston 
1.9 mi 562.4 ft 536.9 ft 25 ft 3% Houston 
2.0 mi 559.1 ft 562.4 ft -3 ft 0% Houston 
2.1 mi 570.6 ft 559.1 ft 11 ft 2% Houston 
2.2 mi 570.5 ft 570.6 ft 0 ft 0% Houston 
2.4 mi 572.6 ft 570.5 ft 2 ft 0% Houston 
2.5 mi 564.5 ft 572.6 ft -8 ft 1% Houston 
2.6 mi 563.4 ft 564.5 ft -1 ft 0% Houston 
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Table D-9. Grades and Elevations for Spoke 4 - Small Loop at Rose Garden Elevation 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 546.7 ft       Houston 
0.1 mi 540.1 ft 546.7 ft -6 ft 1% Houston 
0.1 mi 530.4 ft 540.1 ft -9 ft 3% Houston 
0.2 mi 524.2 ft 530.4 ft -6 ft 1% Houston 
0.3 mi 546.2 ft 524.2 ft 21 ft 5% Houston 
0.4 mi 565.3 ft 546.2 ft 19 ft 3% Houston 
0.4 mi 568.7 ft 565.3 ft 3 ft 1% Houston 
0.5 mi 558.8 ft 568.7 ft -9 ft 3% Fair 
0.5 mi 551.4 ft 558.8 ft -7 ft 3% Fair 
0.6 mi 552.0 ft 551.4 ft 0 ft 0% Fair 
0.7 mi 556.1 ft 552.0 ft 4 ft 0% Fair 
0.7 mi 553.7 ft 556.1 ft -2 ft 0% Fair 
0.8 mi 556.2 ft 553.7 ft 2 ft 1% Front 
0.8 mi 563.2 ft 556.2 ft 7 ft 2% Rose 
0.9 mi 562.9 ft 563.2 ft 0 ft 0% Rose 
1.0 mi 568.7 ft 562.9 ft 5 ft 1% Rose 
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Table E-1. Traffic Data for the Robert E. Lee and Karen Dr.intersection between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 1 13 3 0 3 2 1 43 3 4 6 0 79 
7:15 - 7:30 1 11 10 0 4 1 3 27 2 2 4 1 66 
7:30 - 7:45 1 9 7 2 8 4 2 24 5 3 3 1 69 
7:45 - 8:00 0 4 4 1 3 1 1 13 3 2 2 0 34 
Total 3 37 24 3 18 8 7 107 13 11 15 2 248 
PHF 0.75 0.71 0.60 0.38 0.56 0.50 0.58 0.62 0.65 0.69 0.63 0.50 0.78 
 
Table E-2. Traffic Data for the Robert E. Lee and Karen Dr.intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 0 10 4 1 4 3 0 25 2 4 2 1 56 
11:45 - 12:00 1 10 11 1 7 2 2 28 1 2 3 0 68 
12:00 - 12:15 1 8 5 3 10 5 0 15 3 3 6 0 59 
12:15 - 12:30 2 10 3 0 1 2 1 19 0 2 1 0 41 
Total 4 38 23 5 22 12 3 87 6 11 12 1 224 
PHF 0.50 0.95 0.52 0.42 0.55 0.60 0.38 0.78 0.50 0.69 0.50 0.25 0.82 
 
Table E-3. Traffic Data for the Robert E. Lee and Karen Dr.intersection between 4:30 PM – 5:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 0 35 7 2 9 1 2 12 2 1 4 1 76 
16:45 - 17:00 2 41 16 4 12 1 1 14 7 1 5 2 106 
17:00 - 17:15 1 31 13 4 5 1 0 12 6 3 4 3 83 
17:15 - 17:30 2 29 8 1 3 1 1 7 3 1 2 3 61 
Total 5 136 44 11 29 4 4 45 18 6 15 9 326 
PHF 0.63 0.83 0.69 0.69 0.60 1.00 0.50 0.80 0.64 0.50 0.75 0.75 0.77 
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Figure E.1 Grapical Summary of Vehicle Movements 
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Figure E.2 Grapical Summary of Vehicle Movements 
 156 
 
Figure E.3 Grapical Summary of Vehicle Movements 
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Table E-4. Traffic Data for the Yale Dr. & Cambridge Rd. intersection between 6:45 AM – 7:45 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 0 13 0 0 0 1 0 18 0 1 0 1 34 
7:15 - 7:30 0 12 0 0 0 0 0 20 0 0 0 0 32 
7:30 - 7:45 0 14 0 1 0 2 0 12 2 0 0 0 31 
7:45 - 8:00 0 10 1 1 0 1 0 20 2 0 0 0 35 
Total 0 49 1 2 0 4 0 70 4 1 0 1 132 
PHF 0.00 0.88 0.25 0.50 0.00 0.50 0.00 0.88 0.50 0.25 0.00 0.25 0.94 
 
Table E-5. Traffic Data for the Yale Dr. & Cambridge Rd. intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 2 14 0 1 0 0 0 13 1 1 0 0 32 
11:45 - 12:00 0 10 0 1 0 0 0 13 1 0 0 0 25 
12:00 - 12:15 2 22 0 3 0 0 0 17 1 0 0 0 45 
12:15 - 12:30 0 12 0 1 0 2 0 10 0 1 0 0 26 
Total 4 58 0 6 0 2 0 53 3 2 0 0 128 
PHF 0.50 0.66 0.00 0.50 0.00 0.25 0.00 0.78 0.75 0.50 0.00 0.00 0.71 
 
Table E-6. Traffic Data for the Yale Dr. & Cambridge Rd. intersection between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 0 15 0 1 0 0 0 13 0 0 0 0 29 
16:45 - 17:00 1 18 0 1 0 1 0 8 1 0 0 0 30 
17:00 - 17:15 1 20 1 4 0 0 1 13 4 0 0 0 44 
17:15 - 17:30 0 12 0 3 0 0 0 13 2 0 0 1 31 
Total 2 65 1 9 0 1 1 47 7 0 0 1 134 
PHF 0.50 0.81 0.25 0.56 0.00 0.25 0.25 0.90 0.44 0.00 0.00 0.25 0.76 
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Figure E.4 Grapical Summary of Vehicle Movements 
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Figure E.5 Grapical Summary of Vehicle Movements 
 160 
 
Figure E.6 Grapical Summary of Vehicle Movements 
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Table E-7. Grades and Elevations for Spoke 5 - Option A – Cambridge 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 562.7 ft       Cambridge 
0.1 mi 543.8 ft 562.7 ft -18 ft 3% Cambridge 
0.2 mi 524.9 ft 543.8 ft -18 ft 3% Cambridge 
0.3 mi 502.8 ft 524.9 ft -22 ft 3% Cambridge 
0.4 mi 486.8 ft 502.8 ft -15 ft 2% Cambridge 
0.6 mi 502.5 ft 486.8 ft 15 ft 2% Cambridge 
0.6 mi 504.0 ft 502.5 ft 1 ft 0% Cambridge 
0.8 mi 503.8 ft 504.0 ft 0 ft 0% Cambridge 
0.9 mi 520.0 ft 503.8 ft 16 ft 3% Cambridge 
1.0 mi 533.9 ft 520.0 ft 13 ft 1% Cambridge 
1.1 mi 538.0 ft 533.9 ft 4 ft 0% Cambridge 
1.2 mi 515.7 ft 538.0 ft -22 ft 4% Robert E Lee 
1.4 mi 493.5 ft 515.7 ft -22 ft 2% Robert E Lee 
1.4 mi 492.4 ft 493.5 ft -1 ft 0% Robert E Lee 
1.5 mi 496.5 ft 492.4 ft 4 ft 1% Robert E Lee 
1.6 mi 486.4 ft 496.5 ft -10 ft 3% Tina 
1.7 mi 482.4 ft 486.4 ft -3 ft 0% Powell 
1.7 mi 473.9 ft 482.4 ft -8 ft 2% Powell 
1.2 mi 470.6 ft 473.9 ft -4 ft 2% Powell 
1.3 mi 460.8 ft 470.6 ft -9 ft 3% Powell 
1.3 mi 470.6 ft 460.8 ft 9 ft 3% Barbee 
1.4 mi 476.8 ft 470.6 ft 6 ft 3% Barbee 
1.4 mi 482.4 ft 476.8 ft 5 ft 2% Sutherland 
1.4 mi 483.1 ft 482.4 ft 0 ft 1% Sutherland 
1.5 mi 483.7 ft 483.1 ft 0 ft 0% Creekside Trail 
1.5 mi 477.1 ft 483.7 ft -6 ft 2% Creekside Trail 
1.5 mi 465.9 ft 477.1 ft -11 ft 4% Creekside Trail 
1.6 mi 459.6 ft 465.9 ft -6 ft 4% Creekside Trail 
1.6 mi 460.2 ft 459.6 ft 0 ft 0% Creekside Trail 
1.6 mi 462.6 ft 460.2 ft 2 ft 1% Creekside Trail 
1.7 mi 469.9 ft 462.6 ft 7 ft 3% Creekside Trail 
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Table E-7. Grades and Elevations for Spoke 5 - Option A – Cambridge (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
1.7 mi 467.7 ft 469.9 ft -2 ft 0% Creekside Trail 
1.8 mi 462.3 ft 467.7 ft -5 ft 3% Creekside Trail 
1.8 mi 506.4 ft 462.3 ft 44 ft 6% Creekside Trail 
1.9 mi 467.5 ft 506.4 ft -38 ft 2% Creekside Trail 
1.9 mi 497.3 ft 467.5 ft 29 ft 10% Creekside Trail 
2.0 mi 493.6 ft 497.3 ft -3 ft 1% Creekside Trail 
2.0 mi 503.7 ft 493.6 ft 10 ft 4% Creekside Trail 
2.1 mi 516.3 ft 503.7 ft 12 ft 5% Creekside Trail 
2.1 mi 521.6 ft 516.3 ft 5 ft 2% Creekside Trail 
2.2 mi 513.8 ft 521.6 ft -7 ft 2% Creekside Trail 
2.2 mi 476.7 ft 513.8 ft -37 ft 1% Creekside Trail 
2.3 mi 468.3 ft 476.7 ft -8 ft 3% Creekside Trail 
2.3 mi 468.5 ft 468.3 ft 0 ft 0% Creekside Trail 
2.3 mi 463.9 ft 468.5 ft -4 ft 6% Southside Trail 
2.4 mi 474.2 ft 463.9 ft 10 ft 4% Southside Trail 
2.4 mi 468.2 ft 474.2 ft -5 ft 2% Southside Trail 
2.4 mi 487.4 ft 468.2 ft 19 ft 6% Southside Trail 
2.5 mi 480.5 ft 487.4 ft -6 ft 2% Southside Trail 
2.6 mi 473.2 ft 480.5 ft -7 ft 1% Southside Trail 
2.7 mi 489.2 ft 473.2 ft 15 ft 3% Southside Trail 
2.7 mi 469.7 ft 489.2 ft -19 ft 5% Southside Trail 
2.8 mi 477.3 ft 469.7 ft 7 ft 1% Southside Trail 
2.9 mi 474.1 ft 477.3 ft -3 ft 0% Rudman Loop Trail 
3.0 mi 474.3 ft 474.1 ft 0 ft 0% Rudman Loop Trail 
3.0 mi 475.3 ft 474.3 ft 0 ft 0% Rudman Loop Trail 
3.1 mi 478.9 ft 475.3 ft 3 ft 0% Rudman Loop Trail 
3.2 mi 485.0 ft 478.9 ft 6 ft 0% Rudman Loop Trail 
3.4 mi 488.0 ft 485.0 ft 2 ft 0% Donnybrook 
3.5 mi 489.4 ft 488.0 ft 1 ft 0% Donnybrook 
3.6 mi 488.5 ft 489.4 ft 0 ft 0% Donnybrook 
3.7 mi 497.7 ft 488.5 ft 9 ft 1% Donnybrook 
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Table E-7. Grades and Elevations for Spoke 5 - Option A – Cambridge (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
4.0 mi 528.4 ft 497.7 ft 30 ft 2% Donnybrook 
4.2 mi 545.4 ft 528.4 ft 17 ft 1% Donnybrook 
4.4 mi 547.0 ft 545.4 ft 1 ft 0% Donnybrook 
 
 
  
 164 
Table E-8. Grades and Elevations for Spoke 5 - Option B –Karen Dr. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 562.9 ft       Cambridge 
0.1 mi 544.2 ft 562.9 ft -18 ft 3% Cambridge 
0.2 mi 526.9 ft 544.2 ft -17 ft 4% Cambridge 
0.3 mi 520.8 ft 526.9 ft -6 ft 1% Yale 
0.3 mi 523.8 ft 520.8 ft 2 ft 1% Yale 
0.4 mi 509.4 ft 523.8 ft -14 ft 2% Yale 
0.5 mi 499.3 ft 509.4 ft -10 ft 2% Yale 
0.6 mi 497.4 ft 499.3 ft -1 ft 0% Yale 
0.6 mi 514.6 ft 497.4 ft 17 ft 7% Yale 
0.7 mi 486.6 ft 514.6 ft -27 ft 7% Columbia 
0.7 mi 492.6 ft 486.6 ft 5 ft 2% Baylor 
0.9 mi 502.4 ft 492.6 ft 9 ft 1% Karen 
1.0 mi 501.7 ft 502.4 ft 0 ft 0% Karen 
1.1 mi 497.1 ft 501.7 ft -4 ft 0% Karen 
1.2 mi 486.1 ft 497.1 ft -11 ft 2% Karen 
1.2 mi 474.7 ft 486.1 ft -11 ft 3% Karen 
1.2 mi 470.6 ft 473.9 ft -4 ft 2% Powell 
1.3 mi 460.8 ft 470.6 ft -9 ft 3% Powell 
1.3 mi 470.6 ft 460.8 ft 9 ft 3% Barbee 
1.4 mi 476.8 ft 470.6 ft 6 ft 3% Barbee 
1.4 mi 482.4 ft 476.8 ft 5 ft 2% Sutherland 
1.4 mi 483.1 ft 482.4 ft 0 ft 1% Sutherland 
1.5 mi 483.7 ft 483.1 ft 0 ft 0% Creekside Trail 
1.5 mi 477.1 ft 483.7 ft -6 ft 2% Creekside Trail 
1.5 mi 465.9 ft 477.1 ft -11 ft 4% Creekside Trail 
1.6 mi 459.6 ft 465.9 ft -6 ft 4% Creekside Trail 
1.6 mi 460.2 ft 459.6 ft 0 ft 0% Creekside Trail 
1.6 mi 462.6 ft 460.2 ft 2 ft 1% Creekside Trail 
1.7 mi 469.9 ft 462.6 ft 7 ft 3% Creekside Trail 
1.7 mi 467.7 ft 469.9 ft -2 ft 0% Creekside Trail 
1.8 mi 462.3 ft 467.7 ft -5 ft 3% Creekside Trail 
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Table E-8. Grades and Elevations for Spoke 5 - Option B –Karen Dr. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
1.8 mi 506.4 ft 462.3 ft 44 ft 6% Creekside Trail 
1.9 mi 467.5 ft 506.4 ft -38 ft 2% Creekside Trail 
1.9 mi 497.3 ft 467.5 ft 29 ft 10% Creekside Trail 
2.0 mi 493.6 ft 497.3 ft -3 ft 1% Creekside Trail 
2.0 mi 503.7 ft 493.6 ft 10 ft 4% Creekside Trail 
2.1 mi 516.3 ft 503.7 ft 12 ft 5% Creekside Trail 
2.1 mi 521.6 ft 516.3 ft 5 ft 2% Creekside Trail 
2.2 mi 513.8 ft 521.6 ft -7 ft 2% Creekside Trail 
2.2 mi 476.7 ft 513.8 ft -37 ft 1% Creekside Trail 
2.3 mi 468.3 ft 476.7 ft -8 ft 3% Creekside Trail 
2.3 mi 468.5 ft 468.3 ft 0 ft 0% Creekside Trail 
2.3 mi 463.9 ft 468.5 ft -4 ft 6% Southside Trail 
2.4 mi 474.2 ft 463.9 ft 10 ft 4% Southside Trail 
2.4 mi 468.2 ft 474.2 ft -5 ft 2% Southside Trail 
2.4 mi 487.4 ft 468.2 ft 19 ft 6% Southside Trail 
2.5 mi 480.5 ft 487.4 ft -6 ft 2% Southside Trail 
2.6 mi 473.2 ft 480.5 ft -7 ft 1% Southside Trail 
2.7 mi 489.2 ft 473.2 ft 15 ft 3% Southside Trail 
2.7 mi 469.7 ft 489.2 ft -19 ft 5% Southside Trail 
2.8 mi 477.3 ft 469.7 ft 7 ft 1% Southside Trail 
2.9 mi 474.1 ft 477.3 ft -3 ft 0% Rudman Loop Trail 
3.0 mi 474.3 ft 474.1 ft 0 ft 0% Rudman Loop Trail 
3.0 mi 475.3 ft 474.3 ft 0 ft 0% Rudman Loop Trail 
3.1 mi 478.9 ft 475.3 ft 3 ft 0% Rudman Loop Trail 
3.2 mi 485.0 ft 478.9 ft 6 ft 0% Rudman Loop Trail 
3.4 mi 488.0 ft 485.0 ft 2 ft 0% Donnybrook 
3.5 mi 489.4 ft 488.0 ft 1 ft 0% Donnybrook 
3.6 mi 488.5 ft 489.4 ft 0 ft 0% Donnybrook 
3.7 mi 497.7 ft 488.5 ft 9 ft 1% Donnybrook 
4.0 mi 528.4 ft 497.7 ft 30 ft 2% Donnybrook 
4.2 mi 545.4 ft 528.4 ft 17 ft 1% Donnybrook 
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Table E-8. Grades and Elevations for Spoke 5 - Option B –Karen Dr. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
4.4 mi 547.0 ft 545.4 ft 1 ft 0% Donnybrook 
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Table F-1. Traffic Data for the Old Bullard Rd. & Timberwilde Dr. intersection between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 3 0 7 0 152 3 0 0 0 2 147 0 314 
7:15 - 7:30 2 0 3 0 170 4 0 0 0 4 155 0 338 
7:30 - 7:45 1 0 6 0 183 10 0 0 0 9 179 0 388 
7:45 - 8:00 2 0 2 0 121 7 0 0 0 5 121 0 258 
Total 8 0 18 0 626 24 0 0 0 20 602 0 1298 
PHF 0.67 0.00 0.64 0.00 0.86 0.60 0.00 0.00 0.00 0.56 0.84 0.00 0.84 
 
Table F-2. Traffic Data for the Old Bullard Rd. & Timberwilde Dr. intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 4 0 6 0 138 6 0 0 0 5 160 0 319 
11:45 - 12:00 2 0 4 0 176 7 0 0 0 3 153 0 345 
12:00 - 12:15 1 0 7 0 173 12 0 0 0 4 143 0 340 
12:15 - 12:30 0 0 1 0 117 6 0 0 0 3 104 0 231 
Total 7 0 18 0 604 31 0 0 0 15 560 0 1235 
PHF 0.44 0.00 0.64 0.00 0.86 0.65 0.00 0.00 0.00 0.75 0.88 0.00 0.89 
 
Table F-3. Traffic Data for the Old Bullard Rd. & Timberwilde Dr. intersection between 4:30 PM – 5:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 4 0 4 0 158 11 0 0 0 5 142 0 324 
16:45 - 17:00 3 0 2 0 157 8 0 0 0 5 143 0 318 
17:00 - 17:15 2 0 7 0 165 16 0 0 0 3 138 0 331 
17:15 - 17:30 1 0 2 0 155 32 0 0 0 7 123 0 320 
Total 10 0 15 0 635 67 0 0 0 20 546 0 1293 
PHF 0.63 0.00 0.54 0.00 0.96 0.52 0.00 0.00 0.00 0.71 0.95 0.00 0.98 
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Figure F.1 Grapical Summary of Vehicle Movements 
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Figure F.2 Grapical Summary of Vehicle Movements 
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Figure F.3 Grapical Summary of Vehicle Movements 
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Table F-4. Traffic Data for the Brookside Dr. & Shelley Dr. intersection between 6:45 AM – 7:45 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
6:45 - 7:00 0 2 2 0 3 0 2 1 0 2 8 5 25 
7:00 - 7:15 0 6 1 3 2 3 1 2 1 0 15 4 38 
7:15 - 7:30 1 16 2 5 5 3 0 4 1 7 16 5 65 
7:30 - 7:45 0 9 0 3 3 1 0 1 0 3 13 5 38 
Total 1 33 5 11 13 7 3 8 2 12 52 19 166 
PHF 0.25 0.52 0.63 0.55 0.65 0.58 0.38 0.50 0.50 0.43 0.81 0.95 0.64 
 
Table F-5. Traffic Data for the Brookside Dr. & Shelley Dr. intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 1 7 1 3 14 1 8 0 6 2 15 8 66 
11:45 - 12:00 1 1 0 7 25 0 3 10 5 0 29 9 90 
12:00 - 12:15 2 4 1 5 15 0 7 3 3 2 24 6 72 
12:15 - 12:30 1 3 0 4 11 1 4 2 3 2 24 9 64 
Total 5 15 2 19 65 2 22 15 17 6 92 32 292 
PHF 0.63 0.54 0.50 0.68 0.65 0.50 0.69 0.38 0.71 0.75 0.79 0.89 0.81 
 
Table F-6. Traffic Data for the Brookside Dr. & Shelley Dr. intersection between 5:00 PM – 6:00 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 0 1 3 1 4 0 1 3 1 2 10 3 29 
16:45 - 17:00 1 9 1 4 3 1 1 4 0 1 17 4 46 
17:00 - 17:15 3 19 1 7 3 5 1 4 1 8 20 5 77 
17:15 - 17:30 1 14 2 3 3 4 1 2 2 3 13 6 54 
Total 5 43 7 15 13 10 4 13 4 14 60 18 206 
PHF 0.42 0.57 0.58 0.54 0.81 0.50 1.00 0.81 0.50 0.44 0.75 0.75 0.67 
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Figure F.4 Grapical Summary of Vehicle Movements 
 174 
 
Figure F.5 Grapical Summary of Vehicle Movements 
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Figure F.6 Grapical Summary of Vehicle Movements 
 176 
Table F-7. Grades and Elevations for Spoke 7 - Option A –Richmond Rd. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 522.4 ft       Dueling Oaks 
0.0 mi 521.4 ft 522.4 ft 1 ft 1% Dueling Oaks 
0.1 mi 524.3 ft 521.4 ft 0 ft 0% Dueling Oaks 
0.1 mi 522.8 ft 524.3 ft 2 ft 0% Dueling Oaks 
0.2 mi 530.2 ft 522.8 ft -1 ft 0% Dueling Oaks 
0.2 mi 536.1 ft 530.2 ft 7 ft 2% Dueling Oaks 
0.3 mi 536.2 ft 536.1 ft 5 ft 2% Dueling Oaks 
0.3 mi 530.9 ft 536.2 ft 0 ft 0% Dueling Oaks 
0.4 mi 516.1 ft 530.9 ft -5 ft 1% Dueling Oaks 
0.5 mi 499.5 ft 516.1 ft 14 ft 4% Dueling Oaks 
0.5 mi 488.3 ft 499.5 ft 16 ft 5% Dueling Oaks 
0.6 mi 498.7 ft 488.3 ft 11 ft 5% Dueling Oaks 
0.6 mi 492.4 ft 498.7 ft 10 ft 3% Cherryhill 
0.7 mi 490.7 ft 492.4 ft -6 ft 1% Cherryhill 
0.7 mi 475.6 ft 490.7 ft -1 ft 0% Cherryhill 
0.8 mi 469.4 ft 475.6 ft 15 ft 5% Hollystone 
0.8 mi 471.8 ft 469.4 ft -6 ft 3% Hollystone 
0.9 mi 469.0 ft 471.8 ft 2 ft 1% Cherryhill 
0.9 mi 470.6 ft 469.0 ft -2 ft 1% Cherryhill 
0.9 mi 482.3 ft 470.6 ft 1 ft 0% Cherryhill 
1.0 mi 475.1 ft 482.3 ft 11 ft 5% Cherryhill 
1.0 mi 461.6 ft 475.1 ft -7 ft 3% Pinehurst 
1.1 mi 471.0 ft 461.6 ft 13 ft 5% Pinehurst 
1.1 mi 484.8 ft 471.0 ft 9 ft 3% Pinehurst 
1.2 mi 491.7 ft 484.8 ft 13 ft 5% Pinehurst 
1.2 mi 492.3 ft 491.7 ft 6 ft 3% Pinehurst 
1.2 mi 495.1 ft 492.3 ft 0 ft 0% Pinehurst 
1.3 mi 490.3 ft 495.1 ft 2 ft 1% Hollytree Cir 
1.3 mi 484.5 ft 490.3 ft -4 ft 2% Hollytree Cir 
1.4 mi 480.0 ft 484.5 ft -5 ft 2% Hollytree Cir 
1.4 mi 486.2 ft 480.0 ft -4 ft 1% Hollytree Cir 
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Table F-7. Grades and Elevations for Spoke 7 - Option A –Richmond Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
1.5 mi 480.5 ft 486.2 ft 6 ft 2% Hollytree Cir 
1.5 mi 478.1 ft 480.5 ft -5 ft 2% Hollytree Cir 
1.5 mi 472.5 ft 478.1 ft -2 ft 1% Hollytree Cir 
1.6 mi 467.9 ft 472.5 ft -5 ft 2% Hollytree Cir 
1.6 mi 469.1 ft 467.9 ft -4 ft 1% Hollytree Cir 
1.7 mi 470.0 ft 469.1 ft 1 ft 0% Hollytree Cir 
1.7 mi 472.1 ft 470.0 ft 0 ft 0% Hollytree Dr 
1.8 mi 471.1 ft 472.1 ft 2 ft 0% Hollytree Dr 
1.8 mi 471.2 ft 471.1 ft -1 ft 0% Hollytree Dr 
1.8 mi 472.0 ft 471.2 ft 0 ft 0% Hollytree Dr 
1.9 mi 478.2 ft 472.0 ft 0 ft 0% Hollytree Dr 
1.9 mi 476.8 ft 478.2 ft 6 ft 2% Hollytree Dr 
2.0 mi 471.1 ft 476.8 ft -1 ft 0% Hollytree Dr 
2.0 mi 479.6 ft 471.1 ft -5 ft 2% Hollytree Dr 
2.1 mi 449.3 ft 479.6 ft 8 ft 3% Hollytree Dr 
2.1 mi 448.4 ft 449.3 ft 30 ft 13% Hollytree Dr 
2.2 mi 450.2 ft 448.4 ft 0 ft 0% Hollytree Dr 
2.2 mi 453.3 ft 450.2 ft 1 ft 0% Hollytree Dr 
2.3 mi 455.3 ft 453.3 ft 3 ft 1% Hollytree Dr 
2.3 mi 464.4 ft 455.3 ft 2 ft 0% Hollytree Dr 
2.3 mi 462.4 ft 464.4 ft 9 ft 3% Hollytree Dr 
2.4 mi 463.6 ft 462.4 ft -1 ft 0% Hollytree Dr 
2.4 mi 464.5 ft 463.6 ft 1 ft 0% Hollytree Dr 
2.5 mi 464.5 ft 464.5 ft 0 ft 0% Hollytree Dr 
2.5 mi 463.3 ft 464.5 ft 0 ft 0% Hollytree Dr 
2.6 mi 472.0 ft 463.3 ft -1 ft 0% Hollytree Dr 
2.6 mi 474.8 ft 472.0 ft 8 ft 3% Hollytree Dr 
2.7 mi 478.1 ft 474.8 ft 2 ft 0% Hollytree Dr 
2.7 mi 474.3 ft 478.1 ft 3 ft 1% Hollytree Dr 
2.8 mi 474.7 ft 474.3 ft -3 ft 1% Hollytree Dr 
2.8 mi 472.1 ft 474.7 ft 0 ft 0% Hollytree Dr 
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Table F-7. Grades and Elevations for Spoke 7 - Option A –Richmond Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
2.9 mi 473.0 ft 472.1 ft -2 ft 0% Hollytree Dr 
2.9 mi 471.1 ft 473.0 ft 0 ft 0% Hollytree Dr 
3.0 mi 470.1 ft 471.1 ft -1 ft 0% Hollytree Dr 
3.0 mi 470.9 ft 470.1 ft -1 ft 0% Rieck 
3.1 mi 481.7 ft 470.9 ft 0 ft 0% Rieck 
3.1 mi 491.7 ft 481.7 ft 10 ft 3% Rieck 
3.2 mi 498.8 ft 491.7 ft 10 ft 6% Rieck 
3.2 mi 502.5 ft 498.8 ft 7 ft 6% Rieck 
3.2 mi 504.0 ft 502.5 ft 3 ft 1% Cloverdale 
3.3 mi 502.5 ft 504.0 ft 1 ft 0% Cloverdale 
3.3 mi 501.4 ft 502.5 ft -1 ft 0% Cloverdale 
3.4 mi 495.9 ft 501.4 ft -1 ft 0% Cloverdale 
3.4 mi 495.2 ft 495.9 ft -5 ft 2% Cloverdale 
3.4 mi 496.7 ft 495.2 ft 0 ft 0% Cloverdale 
3.5 mi 494.8 ft 496.7 ft 1 ft 0% Cloverdale 
3.5 mi 487.2 ft 494.8 ft -1 ft 0% Cloverdale 
3.6 mi 484.4 ft 487.2 ft -7 ft 4% Cloverdale 
3.6 mi 482.0 ft 484.4 ft -2 ft 1% Cloverdale 
3.6 mi 488.1 ft 482.0 ft -2 ft 1% Cloverdale 
3.7 mi 481.4 ft 488.1 ft 6 ft 3% Cloverdale 
3.7 mi 487.9 ft 481.4 ft -6 ft 4% Cloverdale 
3.8 mi 490.9 ft 487.9 ft 6 ft 2% Trenton 
3.8 mi 489.7 ft 490.9 ft 3 ft 1% Trenton 
3.8 mi 492.7 ft 489.7 ft -1 ft 0% Trenton 
3.9 mi 489.3 ft 492.7 ft 2 ft 1% Trenton 
3.9 mi 495.6 ft 489.3 ft -3 ft 1% Trenton 
4.0 mi 507.7 ft 495.6 ft 6 ft 2% Timberwilde 
4.0 mi 519.6 ft 507.7 ft 12 ft 4% Timberwilde 
4.1 mi 535.7 ft 519.6 ft 11 ft 6% Timberwilde 
4.1 mi 541.3 ft 535.7 ft 16 ft 7% Timberwilde 
4.1 mi 523.0 ft 541.3 ft 5 ft 3% Timberwilde 
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Table F-7. Grades and Elevations for Spoke 7 - Option A –Richmond Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
4.2 mi 506.4 ft 523.0 ft 18 ft 5% Timberwilde 
4.3 mi 513.0 ft 506.4 ft 16 ft 5% Timberwilde 
4.3 mi 511.7 ft 513.0 ft 6 ft 3% Richmond 
4.3 mi 516.1 ft 511.7 ft -1 ft 0% Richmond 
4.4 mi 514.2 ft 516.1 ft 4 ft 1% Richmond 
4.4 mi 516.4 ft 514.2 ft -1 ft 0% Richmond 
4.5 mi 522.2 ft 516.4 ft 2 ft 0% Richmond 
4.5 mi 527.2 ft 522.2 ft 5 ft 2% Richmond 
4.6 mi 523.7 ft 527.2 ft 5 ft 1% Richmond 
4.6 mi 523.2 ft 523.7 ft -3 ft 1% Richmond 
4.7 mi 524.3 ft 523.2 ft 0 ft 0% Loop 
4.8 mi 525.3 ft 524.3 ft 1 ft 0% Brookside 
4.8 mi 523.5 ft 525.3 ft 0 ft 0% Brookside 
4.8 mi 523.2 ft 523.5 ft -1 ft 2% Brookside with Shelley 
4.9 mi 526.0 ft 523.2 ft 0 ft 0% Brookside 
4.9 mi 526.8 ft 526.0 ft 2 ft 0% Brookside 
5.0 mi 533.7 ft 526.8 ft 0 ft 0% Brookside 
5.0 mi 548.3 ft 533.7 ft 6 ft 2% Brookside 
5.1 mi 559.9 ft 548.3 ft 14 ft 6% Brookside 
5.1 mi 565.3 ft 559.9 ft 11 ft 5% Brookside 
5.1 mi 561.4 ft 565.3 ft 5 ft 2% Brookside 
5.2 mi 557.4 ft 561.4 ft -3 ft 1% Brookside 
5.2 mi 554.1 ft 557.4 ft -3 ft 1% Brookside 
5.3 mi 549.3 ft 554.1 ft -3 ft 1% Brookside 
5.3 mi 537.6 ft 549.3 ft -4 ft 1% Brookside 
5.4 mi 524.0 ft 537.6 ft 11 ft 4% Brookside 
5.4 mi 528.4 ft 524.0 ft 13 ft 5% Brookside 
5.5 mi 536.0 ft 528.4 ft 4 ft 1% Brookside 
5.5 mi 545.9 ft 536.0 ft 7 ft 2% Brookside 
5.6 mi 536.7 ft 545.9 ft 9 ft 3% Brookside 
5.6 mi 522.5 ft 536.7 ft -9 ft 4% Fair 
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Table F-7. Grades and Elevations for Spoke 7 - Option A –Richmond Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
5.7 mi 513.1 ft 522.5 ft 14 ft 5% Fair 
5.7 mi 510.5 ft 513.1 ft -9 ft 3% Fair 
5.8 mi 511.9 ft 510.5 ft -2 ft 1% Fair 
5.8 mi 512.9 ft 511.9 ft 1 ft 0% Fair 
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Table F-8. Grades and Elevations for Spoke 5 - Option B – Old Bullard Rd. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0 mi 522.4 ft       Dueling Oaks 
0.1 mi 521.4 ft 522.4 ft 1 ft 0% Dueling Oaks 
0.1 mi 524.3 ft 521.4 ft 2 ft 0% Dueling Oaks 
0.2 mi 522.8 ft 524.3 ft -1 ft 0% Dueling Oaks 
0.2 mi 530.2 ft 522.8 ft 7 ft 2% Dueling Oaks 
0.3 mi 536.1 ft 530.2 ft 5 ft 2% Dueling Oaks 
0.3 mi 536.2 ft 536.1 ft 0 ft 0% Dueling Oaks 
0.4 mi 530.9 ft 536.2 ft -5 ft 1% Dueling Oaks 
0.5 mi 516.1 ft 530.9 ft -14 ft 4% Dueling Oaks 
0.5 mi 499.5 ft 516.1 ft -16 ft 5% Dueling Oaks 
0.6 mi 488.3 ft 499.5 ft -11 ft 5% Dueling Oaks 
0.6 mi 498.7 ft 488.3 ft 10 ft 3% Cherryhill 
0.7 mi 492.4 ft 498.7 ft -6 ft 1% Cherryhill 
0.7 mi 490.7 ft 492.4 ft -1 ft 0% Cherryhill 
0.8 mi 475.6 ft 490.7 ft -15 ft 5% Hollystone 
0.8 mi 469.4 ft 475.6 ft -6 ft 3% Hollystone 
0.9 mi 471.8 ft 469.4 ft 2 ft 1% Cherryhill 
0.9 mi 469.0 ft 471.8 ft -2 ft 1% Cherryhill 
0.9 mi 470.6 ft 469.0 ft 1 ft 0% Cherryhill 
1.0 mi 482.3 ft 470.6 ft 11 ft 5% Cherryhill 
1.0 mi 475.1 ft 482.3 ft -7 ft 3% Pinehurst 
1.1 mi 461.6 ft 475.1 ft -13 ft 5% Pinehurst 
1.1 mi 471.0 ft 461.6 ft 9 ft 3% Pinehurst 
1.2 mi 484.8 ft 471.0 ft 13 ft 5% Pinehurst 
1.2 mi 491.7 ft 484.8 ft 6 ft 3% Pinehurst 
1.2 mi 492.3 ft 491.7 ft 0 ft 0% Pinehurst 
1.3 mi 495.1 ft 492.3 ft 2 ft 1% Hollytree Cir 
1.3 mi 490.3 ft 495.1 ft -4 ft 2% Hollytree Cir 
1.4 mi 484.5 ft 490.3 ft -5 ft 2% Hollytree Cir 
1.4 mi 480.0 ft 484.5 ft -4 ft 1% Hollytree Cir 
1.5 mi 486.2 ft 480.0 ft 6 ft 2% Hollytree Cir 
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Table F-8. Grades and Elevations for Spoke 5 - Option B – Old Bullard Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
1.5 mi 480.5 ft 486.2 ft -5 ft 2% Hollytree Cir 
1.5 mi 478.1 ft 480.5 ft -2 ft 1% Hollytree Cir 
1.6 mi 472.5 ft 478.1 ft -5 ft 2% Hollytree Cir 
1.6 mi 467.9 ft 472.5 ft -4 ft 1% Hollytree Cir 
1.7 mi 469.1 ft 467.9 ft 1 ft 0% Hollytree Cir 
1.7 mi 470.0 ft 469.1 ft 0 ft 0% Hollytree Dr 
1.8 mi 472.1 ft 470.0 ft 2 ft 0% Hollytree Dr 
1.8 mi 471.1 ft 472.1 ft -1 ft 0% Hollytree Dr 
1.8 mi 471.2 ft 471.1 ft 0 ft 0% Hollytree Dr 
1.9 mi 472.0 ft 471.2 ft 0 ft 0% Hollytree Dr 
1.9 mi 478.2 ft 472.0 ft 6 ft 2% Hollytree Dr 
2.0 mi 476.8 ft 478.2 ft -1 ft 0% Hollytree Dr 
2.0 mi 471.1 ft 476.8 ft -5 ft 2% Hollytree Dr 
2.1 mi 479.6 ft 471.1 ft 8 ft 3% Hollytree Dr 
2.1 mi 449.3 ft 479.6 ft -30 ft 13% Hollytree Dr 
2.2 mi 448.4 ft 449.3 ft 0 ft 0% Hollytree Dr 
2.2 mi 450.2 ft 448.4 ft 1 ft 0% Hollytree Dr 
2.3 mi 453.3 ft 450.2 ft 3 ft 1% Hollytree Dr 
2.3 mi 455.3 ft 453.3 ft 2 ft 0% Hollytree Dr 
2.3 mi 464.4 ft 455.3 ft 9 ft 3% Hollytree Dr 
2.4 mi 462.4 ft 464.4 ft -1 ft 0% Hollytree Dr 
2.4 mi 463.6 ft 462.4 ft 1 ft 0% Hollytree Dr 
2.5 mi 464.5 ft 463.6 ft 0 ft 0% Hollytree Dr 
2.5 mi 464.5 ft 464.5 ft 0 ft 0% Hollytree Dr 
2.6 mi 463.3 ft 464.5 ft -1 ft 0% Hollytree Dr 
2.6 mi 472.0 ft 463.3 ft 8 ft 3% Hollytree Dr 
2.7 mi 474.8 ft 472.0 ft 2 ft 0% Hollytree Dr 
2.7 mi 478.1 ft 474.8 ft 3 ft 1% Hollytree Dr 
2.8 mi 474.3 ft 478.1 ft -3 ft 1% Hollytree Dr 
2.8 mi 474.7 ft 474.3 ft 0 ft 0% Hollytree Dr 
2.9 mi 472.1 ft 474.7 ft -2 ft 0% Hollytree Dr 
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Table F-8. Grades and Elevations for Spoke 5 - Option B – Old Bullard Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
2.9 mi 473.0 ft 472.1 ft 0 ft 0% Hollytree Dr 
3.0 mi 471.1 ft 473.0 ft -1 ft 0% Hollytree Dr 
3.0 mi 470.1 ft 471.1 ft -1 ft 0% Rieck 
3.1 mi 470.9 ft 470.1 ft 0 ft 0% Rieck 
3.1 mi 481.7 ft 470.9 ft 10 ft 3% Rieck 
3.2 mi 491.7 ft 481.7 ft 10 ft 6% Rieck 
3.2 mi 498.8 ft 491.7 ft 7 ft 6% Rieck 
3.2 mi 502.5 ft 498.8 ft 3 ft 1% Cloverdale 
3.3 mi 504.0 ft 502.5 ft 1 ft 0% Cloverdale 
3.3 mi 502.5 ft 504.0 ft -1 ft 0% Cloverdale 
3.4 mi 501.4 ft 502.5 ft -1 ft 0% Cloverdale 
3.4 mi 495.9 ft 501.4 ft -5 ft 2% Cloverdale 
3.4 mi 495.2 ft 495.9 ft 0 ft 0% Cloverdale 
3.5 mi 496.7 ft 495.2 ft 1 ft 0% Cloverdale 
3.5 mi 494.8 ft 496.7 ft -1 ft 0% Cloverdale 
3.6 mi 487.2 ft 494.8 ft -7 ft 4% Cloverdale 
3.6 mi 484.4 ft 487.2 ft -2 ft 1% Cloverdale 
3.6 mi 482.0 ft 484.4 ft -2 ft 1% Cloverdale 
3.7 mi 488.1 ft 482.0 ft 6 ft 3% Cloverdale 
3.7 mi 481.4 ft 488.1 ft -6 ft 4% Cloverdale 
3.8 mi 487.9 ft 481.4 ft 6 ft 2% Trenton 
3.8 mi 490.9 ft 487.9 ft 3 ft 1% Trenton 
3.8 mi 489.7 ft 490.9 ft -1 ft 0% Trenton 
3.9 mi 492.7 ft 489.7 ft 2 ft 1% Trenton 
3.9 mi 489.3 ft 492.7 ft -3 ft 1% Trenton 
4.0 mi 495.6 ft 489.3 ft 6 ft 2% Timberwilde 
4.0 mi 507.7 ft 495.6 ft 12 ft 4% Timberwilde 
4.1 mi 519.6 ft 507.7 ft 11 ft 6% Timberwilde 
4.1 mi 535.7 ft 519.6 ft 16 ft 7% Timberwilde 
4.1 mi 541.3 ft 535.7 ft 5 ft 3% Timberwilde 
4.2 mi 523.0 ft 541.3 ft -18 ft 5% Timberwilde 
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Table F-8. Grades and Elevations for Spoke 5 - Option B – Old Bullard Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
4.3 mi 506.4 ft 523.0 ft -16 ft 5% Timberwilde 
4.3 mi 502.6 ft 506.4 ft -3 ft 1% Timberwilde 
4.3 mi 498.3 ft 502.6 ft -4 ft 1% Timberwilde 
4.4 mi 496.1 ft 498.3 ft -2 ft 1% Timberwilde 
4.4 mi 499.0 ft 496.1 ft 2 ft 1% Timberwilde 
4.5 mi 505.0 ft 499.0 ft 5 ft 2% Old Bullard 
4.5 mi 512.9 ft 505.0 ft 7 ft 3% Old Bullard 
4.6 mi 520.5 ft 512.9 ft 7 ft 2% Old Bullard 
4.6 mi 523.7 ft 520.5 ft 3 ft 1% Old Bullard 
4.7 mi 519.9 ft 523.7 ft -3 ft 1% Old Bullard 
4.7 mi 518.7 ft 519.9 ft -1 ft 0% Old Bullard 
4.8 mi 515.9 ft 518.7 ft -2 ft 0% Old Bullard 
4.9 mi 514.2 ft 515.9 ft -1 ft 0% Old Bullard 
4.9 mi 515.7 ft 514.2 ft 1 ft 0% Old Bullard 
5.0 mi 521.9 ft 515.7 ft 6 ft 1% Shelley 
5.1 mi 526.6 ft 521.9 ft 4 ft 1% Shelley 
5.1 mi 531.3 ft 526.6 ft 4 ft 1% Shelley 
5.2 mi 531.3 ft 531.3 ft 0 ft 0% Shelley 
5.2 mi 523.5 ft 531.3 ft -7 ft 2% Shelley 
5.3 mi 523.2 ft 523.5 ft 0 ft 0% Brookside 
5.3 mi 526.0 ft 523.2 ft 2 ft 0% Brookside 
5.4 mi 526.8 ft 526.0 ft 0 ft 0% Brookside 
5.4 mi 533.7 ft 526.8 ft 6 ft 2% Brookside 
5.5 mi 548.3 ft 533.7 ft 14 ft 6% Brookside 
5.5 mi 559.9 ft 548.3 ft 11 ft 5% Brookside 
5.5 mi 565.3 ft 559.9 ft 5 ft 2% Brookside 
5.6 mi 561.4 ft 565.3 ft -3 ft 1% Brookside 
5.6 mi 557.4 ft 561.4 ft -3 ft 1% Brookside 
5.7 mi 554.1 ft 557.4 ft -3 ft 1% Brookside 
5.7 mi 549.3 ft 554.1 ft -4 ft 1% Brookside 
5.8mi 537.6 ft 549.3 ft -11 ft 4% Brookside 
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Table F-8. Grades and Elevations for Spoke 5 - Option B – Old Bullard Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
5.8 mi 524.0 ft 537.6 ft -13 ft 5% Brookside 
5.9 mi 528.4 ft 524.0 ft 4 ft 1% Brookside 
5.9 mi 536.0 ft 528.4 ft 7 ft 2% Brookside 
6.0 mi 545.9 ft 536.0 ft 9 ft 3% Brookside 
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APPENDIX G – SPOKE 9 
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Table G-1. Traffic Data for the Earl Campbell & Old Noonday intersection between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 3 39 12 4 22 7 2 27 6 3 23 3 151 
7:15 - 7:30 3 66 6 4 19 3 7 51 4 1 22 6 192 
7:30 - 7:45 6 77 7 5 31 4 4 67 5 0 18 5 229 
7:45 - 8:00 4 73 9 4 23 3 5 62 9 6 13 8 219 
Total 16 255 34 17 95 17 18 207 24 10 76 22 791 
PHF 0.67 0.83 0.71 0.85 0.77 0.61 0.64 0.77 0.67 0.42 0.83 0.69 0.86 
 
Table G-2. Traffic Data for the Earl Campbell & Old Noonday intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 2 25 11 5 20 5 2 20 5 2 17 2 116 
11:45 - 12:00 2 50 5 2 14 2 5 38 3 1 18 5 145 
12:00 - 12:15 4 46 5 5 20 2 2 50 5 2 19 4 164 
12:15 - 12:30 4 47 8 5 16 2 2 47 7 5 13 3 159 
Total 12 168 29 17 70 11 11 155 20 10 67 14 584 
PHF 0.75 0.84 0.66 0.85 0.88 0.55 0.55 0.78 0.71 0.50 0.88 0.70 0.89 
 
Table G-3. Traffic Data for the Earl Campbell & Old Noonday intersection between 4:30 PM – 5:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 4 27 16 9 32 9 2 45 7 4 16 5 176 
16:45 - 17:00 2 45 7 2 18 2 4 49 4 0 18 7 158 
17:00 - 17:15 4 47 5 7 23 2 0 65 9 4 32 6 204 
17:15 - 17:30 5 52 11 9 18 5 0 58 7 5 20 5 195 
Total 15 171 39 27 91 18 6 217 27 13 86 23 733 
PHF 0.75 0.82 0.61 0.75 0.71 0.50 0.38 0.83 0.75 0.65 0.67 0.82 0.90 
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Figure G.1 Grapical Summary of Vehicle Movements 
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Figure G.2 Grapical Summary of Vehicle Movements 
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Figure G.3 Grapical Summary of Vehicle Movements 
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Table G-4. Traffic Data for the Peach Ave & Old Noonday intersection between 7:00 AM – 8:00 AM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
7:00 - 7:15 1 0 11 0 14 1 0 0 0 6 8 0 41 
7:15 - 7:30 2 0 19 0 17 1 0 0 0 7 5 0 51 
7:30 - 7:45 1 0 13 0 14 2 0 0 0 4 5 0 39 
7:45 - 8:00 0 0 7 0 8 0 0 0 0 6 7 0 28 
Total 4 0 50 0 53 4 0 0 0 23 25 0 159 
PHF 0.50 0 0.66 0 0.78 0.50 0 0 0 0.82 0.78 0 0.78 
 
Table G-5. Traffic Data for the Peach Ave & Old Noonday intersection between 11:30 AM – 12:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
11:30 - 11:45 0 0 9 0 8 1 0 0 0 9 6 0 33 
11:45 - 12:00 1 0 14 0 13 0 0 0 0 11 8 0 47 
12:00 - 12:15 2 0 10 0 10 0 0 0 0 10 8 0 40 
12:15 - 12:30 1 0 5 0 6 0 0 0 0 7 5 0 24 
Total 4 0 38 0 37 1 0 0 0 37 27 0 144 
PHF 0.50 0 0.68 0 0.71 0.25 0 0 0 0.84 0.84 0 0.77 
 
Table G-6. Traffic Data for the Peach Ave & Old Noonday intersection between 4:30 PM – 5:30 PM 
 Eastbound Southbound Westbound Northbound  
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total 
16:30 - 16:45 2 0 13 0 12 2 0 0 0 5 7 0 41 
16:45 - 17:00 3 0 15 0 16 0 0 0 0 5 5 0 44 
17:00 - 17:15 2 0 11 0 11 3 0 0 0 4 3 0 34 
17:15 - 17:30 1 0 8 0 10 1 0 0 0 8 8 0 36 
Total 8 0 47 0 49 6 0 0 0 22 23 0 155 
PHF 0.67 0 0.78 0 0.77 0.50 0 0 0 0.69 0.72 0 0.88 
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Figure G.4 Grapical Summary of Vehicle Movements 
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Figure G.5 Grapical Summary of Vehicle Movements 
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Figure G.6 Grapical Summary of Vehicle Movements 
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Table G-7. Grades and Elevations for Spoke 9 - Option A – Earl Campbell Pkwy. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 mi 477.2 ft       Earl Campbell 
0.1 mi 479.3 ft 477.2 ft 2 ft 0% Earl Campbell 
0.2 mi 491.4 ft 479.3 ft 12 ft 2% Earl Campbell 
0.3 mi 518.5 ft 491.4 ft 27 ft 4% Earl Campbell 
0.4 mi 548.1 ft 518.5 ft 29 ft 4% Earl Campbell 
0.6 mi 551.4 ft 548.1 ft 3 ft 0% Earl Campbell 
0.7 mi 528.8 ft 551.4 ft -22 ft 3% Earl Campbell 
0.9 mi 526 ft 528.8 ft -2 ft 0% Earl Campbell 
1 mi 554.1 ft 526 ft 28 ft 3% Earl Campbell 
1.2 mi 595.2 ft 554.1 ft 41 ft 4% Earl Campbell 
1.3 mi 601.7 ft 595.2 ft 6 ft 0% Earl Campbell 
1.5 mi 553.2 ft 601.7 ft -48 ft 5% Earl Campbell 
1.6 mi 542.6 ft 553.2 ft -10 ft 1% Sunnybrook 
1.7 mi 533 ft 542.6 ft -9 ft 4% Sunnybrook 
1.7 mi 527.5 ft 533 ft -5 ft 2% Sunnybrook 
1.8 mi 527.8 ft 527.5 ft 0 ft 0% Sunnybrook 
1.8 mi 529.1 ft 527.8 ft 1 ft 0% Sunnybrook 
1.9 mi 527.2 ft 529.1 ft -1 ft 0% Sunnybrook 
2 mi 528.1 ft 527.2 ft 0 ft 0% Sunnybrook 
2 mi 533.8 ft 528.1 ft 6 ft 2% Robertson 
2.1 mi 552.3 ft 533.8 ft 18 ft 6% Robertson 
2.2 mi 572.2 ft 552.3 ft 19 ft 5% Robertson 
2.3 mi 590.6 ft 572.2 ft 18 ft 4% Robertson 
2.3 mi 599.2 ft 590.6 ft 8 ft 1% Robertson 
2.5 mi 610.7 ft 599.2 ft 11 ft 1% Robertson 
2.5 mi 607.3 ft 610.7 ft -3 ft 0% Robertson 
2.7 mi 610.1 ft 607.3 ft 2 ft 0% 6th 
2.8 mi 613.2 ft 610.1 ft 3 ft 0% Chilton 
2.9 mi 599.3 ft 613.2 ft -13 ft 2% Chilton 
3 mi 586 ft 599.3 ft -13 ft 2% Chilton 
3.1 mi 565.7 ft 586 ft -20 ft 3% Chilton 
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Table G-7. Grades and Elevations for Spoke 9 - Option A – Earl Campbell Pkwy. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
3.2 mi 559.6 ft 565.7 ft -6 ft 1% Chilton 
3.3 mi 570 ft 559.6 ft 10 ft 1% Chilton 
3.4 mi 595.7 ft 570 ft 25 ft 3% Chilton 
3.5 mi 589.4 ft 595.7 ft -6 ft 1% Chilton 
3.7 mi 576.8 ft 589.4 ft -12 ft 2% Chilton 
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Table G-8. Grades and Elevations for Spoke 9 - Option B – Robertson Rd. 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 mi 477.5 ft       Earl Campbell 
0.1 mi 482.5 ft 477.5 ft 5 ft 0% Earl Campbell 
0.2 mi 506.6 ft 482.5 ft 24 ft 4% Earl Campbell 
0.4 mi 522 ft 506.6 ft 15 ft 2% Bennett 
0.5 mi 519.8 ft 522 ft -2 ft 0% Bennett 
0.6 mi 513 ft 519.8 ft -6 ft 1% Bennett 
0.7 mi 529.1 ft 513 ft 16 ft 2% Robertson 
0.9 mi 554.7 ft 529.1 ft 25 ft 3% Robertson 
1 mi 585.5 ft 554.7 ft 30 ft 3% Robertson 
1.2 mi 598.5 ft 585.5 ft 12 ft 1% Robertson 
1.2 mi 600.7 ft 598.5 ft 2 ft 0% Robertson 
1.3 mi 603.7 ft 600.7 ft 2 ft 0% Lyons 
1.4 mi 613.4 ft 603.7 ft 9 ft 1% 2nd 
1.5 mi 622.8 ft 613.4 ft 9 ft 1% 2nd 
1.6 mi 626.9 ft 622.8 ft 4 ft 0% 2nd 
1.7 mi 619.7 ft 626.9 ft -7 ft 1% Peach 
1.8 mi 609.2 ft 619.7 ft -10 ft 2% Peach 
1.8 mi 608.2 ft 609.2 ft 0 ft 0% Noonday 
1.9 mi 609.6 ft 608.2 ft 1 ft 0% Noonday 
2 mi 617.6 ft 609.6 ft 7 ft 1% Noonday 
2.2 mi 599.1 ft 617.6 ft -18 ft 2% Noonday 
2.3 mi 603.3 ft 599.1 ft 4 ft 0% Earl Campbell 
2.4 mi 573 ft 603.3 ft -30 ft 3% Earl Campbell 
2.6 mi 536.7 ft 573 ft -36 ft 4% Earl Campbell 
2.7 mi 528.8 ft 536.7 ft -7 ft 1% Sunnybrook 
2.8 mi 527.5 ft 533 ft -5 ft 2% Sunnybrook 
2.9 mi 527.8 ft 527.5 ft 0 ft 0% Sunnybrook 
3 mi 529.1 ft 527.8 ft 1 ft 0% Sunnybrook 
3.1 mi 527.2 ft 529.1 ft -1 ft 0% Sunnybrook 
3.2 mi 528.1 ft 527.2 ft 0 ft 0% Sunnybrook 
3.2 mi 533.8 ft 528.1 ft 6 ft 2% Robertson 
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Table G-8. Grades and Elevations for Spoke 9 - Option B – Robertson Rd. (continued) 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
3.3 mi 552.3 ft 533.8 ft 18 ft 6% Robertson 
3.4 mi 572.2 ft 552.3 ft 19 ft 5% Robertson 
3.5 mi 590.6 ft 572.2 ft 18 ft 4% Robertson 
3.5 mi 599.2 ft 590.6 ft 8 ft 1% Robertson 
3.6 mi 610.7 ft 599.2 ft 11 ft 1% Robertson 
3.6 mi 607.3 ft 610.7 ft -3 ft 0% Robertson 
3.7 mi 610.1 ft 607.3 ft 2 ft 0% 6th 
3.8 mi 613.2 ft 610.1 ft 3 ft 0% Chilton 
3.9 mi 599.3 ft 613.2 ft -13 ft 2% Chilton 
4 mi 586 ft 599.3 ft -13 ft 2% Chilton 
4.1 mi 565.7 ft 586 ft -20 ft 3% Chilton 
4.2 mi 559.6 ft 565.7 ft -6 ft 1% Chilton 
4.3 mi 570 ft 559.6 ft 10 ft 1% Chilton 
4.4 mi 595.7 ft 570 ft 25 ft 3% Chilton 
4.5 mi 589.4 ft 595.7 ft -6 ft 1% Chilton 
4.7 mi 576.8 ft 589.4 ft -12 ft 2% Chilton 
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Table H-1. Grades and Elevations for Spoke Conenction 1-3 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 mi 575.1 ft       Golden Rd. 
0 mi 575.7 ft 575.1 ft 0 ft 0% Golden Rd. 
0.1 mi 582.2 ft 575.7 ft 6 ft 2% Golden Rd. 
0.1 mi 583.1 ft 582.2 ft 0 ft 0% Golden Rd. 
0.2 mi 579.1 ft 583.1 ft -4 ft 1% Golden Rd. 
0.2 mi 569.1 ft 579.1 ft -9 ft 3% Golden Rd. 
0.3 mi 564.6 ft 569.1 ft -4 ft 1% Golden Rd. 
0.4 mi 573.5 ft 569.1 ft 9 ft 7% Golden Rd. 
0.4 mi 587.5 ft 573.5 ft 14 ft 9% Golden Rd. 
0.4 mi 593.6 ft 587.5 ft 3 ft 1% Golden Rd. 
0.5 mi 582.5 ft 593.6 ft -11 ft 3% Golden Rd. 
0.5 mi 566.8 ft 582.5 ft -15 ft 6% Golden Rd. 
0.6 mi 568.9 ft 566.8 ft 2 ft 0% Golden Rd. 
0.7 mi 564.1 ft 568.9 ft -4 ft 1% Golden Rd. 
0.7 mi 572.8 ft 564.1 ft 8 ft 2% Golden Rd. 
0.8 mi 582.9 ft 572.8 ft 10 ft 3% Golden Rd. 
0.8 mi 585.3 ft 582.9 ft 2 ft 0% Golden Rd. 
0.9 mi 593.3 ft 585.3 ft 7 ft 2% Golden Rd. 
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Table I-1. Grades and Elevations for Spoke Conenction 3-5 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0mi 580.4ft       E. Grande Blvd. 
0.1mi 584.2ft 580.4ft 3ft 1% E. Grande Blvd. 
0.1mi 587.4ft 584.2ft 3ft 0% E. Grande Blvd. 
0.2mi 579.5ft 587.4ft -7ft 1% E. Grande Blvd. 
0.3mi 557.2ft 579.5ft -22ft 4% E. Grande Blvd. 
0.4mi 551.3ft 557.2ft -5ft 1% E. Grande Blvd. 
0.5mi 561.5ft 551.3ft 10ft 2% E. Grande Blvd. 
0.6mi 574.8ft 561.5ft 13ft 2% E. Grande Blvd. 
0.7mi 585.1ft 574.8ft 10ft 2% E. Grande Blvd. 
0.8mi 579ft 585.1ft -6ft 1% E. Grande Blvd. 
0.9mi 562.5ft 579ft -16ft 3% E. Grande Blvd. 
1mi 557ft 562.5ft -5ft 1% E. Grande Blvd. 
1.1mi 529.1ft 557ft -27ft 5% E. Grande Blvd. 
1.2mi 496.8ft 529.1ft -32ft 5% E. Grande Blvd. 
1.3mi 488.3ft 496.8ft -8ft 1% E. Grande Blvd. 
1.4mi 476ft 488.3ft -12ft 1% E. Grande Blvd. 
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Table J-1. Grades and Elevations for Spoke Conenction 5-7 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 462.1 ft       0 
0.1 mi 454.1 ft 462.1 ft -8 ft 2% E. Grande Blvd. 
0.1 mi 453.4 ft 454.1 ft 0 ft 0% E. Grande Blvd. 
0.1 mi 454.2 ft 453.4 ft 0 ft 0% E. Grande Blvd. 
0.2 mi 465.0 ft 454.2 ft 10 ft 3% E. Grande Blvd. 
0.3 mi 462.5 ft 465.0 ft -2 ft 0% E. Grande Blvd. 
0.4 mi 454.8 ft 462.5 ft -7 ft 1% E. Grande Blvd. 
0.4 mi 457.3 ft 454.8 ft 2 ft 0% E. Grande Blvd. 
0.5 mi 459.5 ft 457.3 ft 2 ft 0% E. Grande Blvd. 
0.5 mi 464.4 ft 459.5 ft 4 ft 1% E. Grande Blvd. 
0.6 mi 461.0 ft 464.4 ft -3 ft 0% E. Grande Blvd. 
0.7 mi 475.1 ft 461.0 ft 14 ft 3% E. Grande Blvd. 
0.8 mi 482.3 ft 475.1 ft 7 ft 1% E. Grande Blvd. 
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Table K-1. Grades and Elevations for Spoke Conenction 2-4 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 mi 516.4 ft    Forest 
0.1 mi 525.8 ft 516.4 ft 9 ft 2% Forest 
0.2 mi 518.5 ft 525.8 ft -7 ft 1% Forest 
0.3 mi 497.7 ft 518.5 ft -20 ft 3% Forest 
0.4 mi 512.9 ft 497.7 ft 15 ft 2% Forest 
0.5 mi 506 ft 512.9 ft -6 ft 1% Forest 
0.7 mi 496.9 ft 506 ft -9 ft 1% Forest 
0.8 mi 511.6 ft 496.9 ft 14 ft 2% Lyons 
0.9 mi 512 ft 511.6 ft 0 ft 0% Lyons 
1 mi 559.6 ft 512 ft 47 ft 8% Lyons 
1.2 mi 531.4 ft 559.6 ft -28 ft 4% Lyons 
1.4 mi 570 ft 531.4 ft 38 ft 3% Lyons 
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Table L-1. Grades and Elevations for Spoke Conenction 1-12 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 mi 545.4 ft       Palmer 
0.1 mi 543.8 ft 545.4 ft -1 ft 2% Palmer 
0.3 mi 546.2 ft 543.8 ft 2 ft 3% Palmer 
0.4 mi 548.5 ft 546.2 ft 2 ft 1% Palmer 
0.6 mi 535.1 ft 548.5 ft -13 ft 0% Palmer 
0.7 mi 517.6 ft 535.1 ft -17 ft 1% Palmer 
0.9 mi 520.5 ft 517.6 ft 2 ft 0% Palmer 
0.9 mi 500.2 ft 520.5 ft -20 ft 2% Palmer 
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Table M-1. Grades and Elevations for Spoke Conenction 3-5-7-9 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0 mi 532.5 ft       Amherst 
0 mi 536.6 ft 532.5 ft 4 ft 2% Amherst 
0.1 mi 530.5 ft 536.6 ft -6 ft 3% Amherst 
0.1 mi 523.7 ft 530.5 ft -6 ft 1% Amherst 
0.2 mi 520.9 ft 523.7 ft -2 ft 0% Amherst 
0.3 mi 515.3 ft 520.9 ft -5 ft 1% Amherst 
0.3 mi 515.1 ft 515.3 ft 0 ft 0% Amherst 
0.4 mi 504.3 ft 515.1 ft -10 ft 2% Amherst 
0.5 mi 504.1 ft 504.3 ft 0 ft 0% Amherst 
0.6 mi 504.9 ft 504.1 ft 0 ft 0% Sunnybrook 
0.6 mi 511.4 ft 504.9 ft 6 ft 1% Sunnybrook 
0.7 mi 512.7 ft 511.4 ft 1 ft 0% Sunnybrook 
0.9 mi 510.4 ft 512.7 ft -2 ft 0% Sunnybrook 
0.9 mi 514.7 ft 510.4 ft 4 ft 1% Sunnybrook 
1 mi 518.5 ft 514.7 ft 3 ft 0% Sunnybrook 
1.1 mi 522.9 ft 518.5 ft 4 ft 1% Sunnybrook 
1.2 mi 519.3 ft 522.9 ft -3 ft 0% Sunnybrook 
1.3 mi 527.3 ft 519.3 ft 8 ft 1% Sunnybrook 
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Table N-1. Grades and Elevations for Spoke Conenction 4-9 
Total Distance (mi) Elevation (ft) Last Point Elevation (ft) Change in Elevation (ft) Grade Road Name 
0.0mi 506 ft       Bennett 
0.2mi 522.8 ft 506 ft 16 ft 1% Bennett 
0.4mi 513 ft 522.8 ft -9 ft 1% Bennett 
0.5mi 508.1 ft 513 ft -4 ft 0% Bennett 
0.6mi 511.4 ft 508.1 ft 3 ft 0% Bennett 
0.7mi 512.4 ft 511.4 ft 0 ft 0% Shaw 
0.8mi 536.1 ft 512.4 ft 23 ft 3% Shaw 
0.9mi 564 ft 536.1 ft 27 ft 4% Shaw 
1.1mi 577.5 ft 564 ft 13 ft 1% Shaw 
1.2mi 594.9 ft 577.5 ft 17 ft 2% Shaw 
1.3mi 589.3 ft 594.9 ft -5 ft 1% Lyons 
1.4mi 579.5 ft 589.3 ft -9 ft 2% Lyons 
1.5mi 569.6 ft 579.5 ft -9 ft 1% Lyons 
 
 
 
